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1.1. GENERAL

1.1.1. Purpose of the Document

This document is the AMSU-Al Instrument Interface Control Document. It deals with the ~interface

definition between the instrument and the MEIOP satellite. . . . . . -

The ICD document forms the unique formal definition  on e@nxring.  ground and flight operations fa :_
theMETOPprogramme,specifyingtheb~r~~betweenESAandtheInstrument  .

Supplier. It is configuration controlled by the METOP project team

Instrument Supplier and the METOP prime contracta. &
.

As a single point control of the technical interfaces, the ICD :

- Defines the technical resources allocated to the instrument.

- Defines  the detailed mechanical, thermal and electrical interfaces between the instrument and the

satellite.

- Defines the design vtxiflcation  programme which shall be implemented to demonstrate compliance

with the METOP  / AMSU-Al interface requirements.

- Defines  the detailed mechanical, electrical and protocol interfaces between the instrument ground
support equipment and the METOP  PLM ground support equipment.

- Defines the operational interface applicable during ground, launch and flight phases.

‘The objective of the ICD is to ensure that :

- The instnunent  is designed, built and verified within the constraints imposed by the overall payload

complement satellite and launch vehicle,

- The satellite Prime Contractor is able to design, build and verify the satellite in such a manner that all

instruments can be successfully integrated into the system,

- The  spacecraft system can be successfully launched and operated to achieve the mission objectives of

the METOP programme.

1.1.2. Documentation

In cases of contlict  between the following applicable documents and the present ICD, the agreement or,

deflniuon in this AMSU-Al ICD shall govern.

1.1.2.1. Applicable Documentation

ADI. METOP Product Assurance Requirements fa NOAA Instruments, Ref. MO-RS-ESA-PA-
0065

ADZ. METOP  Finite Element Model Requirement Specification For Structural Analyses
Ref. MQ-RS-MMT-SY -0008 ( TX EJCCO~J  )
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AD4.

AD5.

AD6.

Satellite Thermal Model Requirement Specification, Ref. MO-RS-MMT-SY -0009

Electromagnetic Interference Characteristics, Measurement of, MIL-SW62d.

NOAA Instrument GSE-toMETOP  Interface Requirements, Ref. GSFC S-480-9 1.

AMSU-Al and AMSU-A2 Instrument lhzrmal  Interface Mathematical Model Report

Ref. SAI-RPT-082 _ - . I .

AD7.

AD8.

AD9.

ADIO.

ADll.

AD12.

AD13.

AMSU-Al Instrument Thz.rmal,Weifti  Mathhiafical  Model (Ref. LTS/O2OWBB)

&U-Al Finite Element Model for ‘Ihrmo-Elastic  Analysis  (Ref. Lm/O3 12&B)

AMSU-Al ‘Ihermo-Elastic  Model (Ref. LTS/O3  WBB)
4

PLM EGSE Internal Interface Control Document, Ref. MO-ID-DOR-PM-0018.

AMSU-Al Fixed and Variable &libration  Target Assembly, Ref. 1333150 (AER).

Target Assembly, Ref. 1333151 (AER).

AMSU-A Blackbody SpacecWt Test Thg&s  Operation and Maintenance Manual,

Ref. 10273 (AER).

AD14. Handling Plate Assembly, Ref. 1333060 (AER).

AD15. Spacecraft Positioner Assy and hstl, Ref. 1333320 (AER).

AD16. AMSU-A System Operation and Maintenance Manual, Ref. AE-26438 (AER).

AD17. Special Test Equipment (S’IE) Operation and Maintenance Manual, Ref. AE-26157A (AER).

1.1.2.2.

RDl.

I$D2.

Refereocz?  Documentation

AMSU-A Performance and Operation Specification, Ref. S-480-80

Performance Assurance Requirements for the Advanced Microwave Sounding Unit - A
Ref. S-480-79

RD3.

RDI.

ATN-K.i.M  General Instrument Interface Specification, Ref. IS-3267415

Unique Instrument Interface Specification for AMSU-Al, Ref. IS-26 17547

VoidRDS.

RW.
-.

RD7

RD8.

RD9.

I I RDIO.
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Cc

Void

AMSU-Al Functional Block Diagram, Ref. 1357393

EMC Test Summary High Energy  Level, Electric Field Susceptibility Tests for AMSU-

Al&Q. Ref. 10109, dated October 1992

Spacecraft Integration for the AMSU-A System, Ref. AE-26154A

Void
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RD 11. Requirements for the Data Acquisition

Ref. MO-RS-DOR-PM-0025.

1.13. Acronym List

AD

A-DCS

AIT  .,

AMSU-Al

AMsL42
ARGOS
ASCAT
AVHR.R/3

BOL

C&C

CAM

ecu

CR

CRA

DBU

DC

DSPG

DTA

EGSE

EMC

EM-I

EOL

FAM

FEM

FMECA

FMU

FOV

FPM

Gbit
GDO
GNSS
GOME-

Applicable Document .
Advanced Dara  Colkction  System

-.
.

Assembly, Integration&Test ’ .
_ 4

Assembly, Integration & Vexification

Advanced  Microwave Sounding Unit 1

Advanced Microwave Sounding Unit 2

Meteorological Data Collection and Location System

Advanced Wind Scatterometer
Advanced Very High Res&tion  Radiometer
Beginning of Life

Command & Control

Coarse Acquisition Mode

Central Computer Unit (SVM) .

Customer Furnished Instrument

Combined Receive Antenna (A-DC!%,  SARR,  SARP-3)
Digital Bus Unit
Direct Current
Distxibuted  Single Point hounding

DCS Transmit Antenna

Electrical Ground Support Equipmint

Electromagnetic Compatibility

Electromagnetic Interference
End of Life

Fine Acquisition Mode
Finite Element Model
Failure Modes, Effects and Criticality Analysis
Formatting and Multiplexing Unit
Field of View
FE Pointing Mode

Gigabits
Gunn  Diode Oscillator
Global Navigation Satellite System
Global Ozone Monitoring Experiment
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RF

RFC

rms

rpm

Rx

S&R , ,
s/c

W
s/s

S/w
SARP-3

SARR
EM-2

SLA

SVM

TBn-V

TBC
TBD

TC

TCU
TM

-IT&C
TX

YSM

pu ldse

Page : 1.5

Radio Frequency

Radio Frequency Compatibility

root mean square
round revolutions per minute

RateReduction  Mode

Receive ; Receiver _ - . .

.

SearchandRescue  . .

Spacecraft
l

Satellite

Subsystem
Software .’ .

SearchandRescuePnxxssor
Search and Rescue Repeater
SpaceEnvironmental  M o n i t o r .

S&R L-band TX Antenna

ServiceModule

‘l’hermal  Balance/Thermal Vacuum
To be confirmed

Tobedefined
Telecommand

Thermal Control unit

Telemetry

Tracking, Telemetry, and Telecommand (LEOP,  Emergency, and Stand-by)
Transmit, Transmitter

Yaw Stekring  Mode

=-p&q &kn%tJ
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Instrument  Name

Classification

AMSU-A 1 ,

Advancql l@xowave  Sounding Unit - Al

Passive microwave instrument :

The Advanced Microwave Sounding Unit AMSU-A is a multiple channel m&imetre  wave radiometer,

consisting of two physically separate modules, AMSU-Al and AMSU-A2,  each operating

independently.

AMSU-Al is a cross-track, line-scamred  instrument designed to measure scene radiance in 13 discrete. .
frequency channels, which permits the calculation of the atmosphere vertical temperature profile from

the Earth’s surface up to approximately 45 km. .

The AMSU-A system is designed to operate within its specifications under any Sun angle condition

between 0 and 80 deg. The Sun angle is deked  as the angle between the satellite to Sun line and the

normal to the orbital plane.

1.2.2. Scientific Objectives

For information only)

AMSU-Al consists of twelve V-band channels (3 through 14) and one W-band channel  (15) and

associated circuitry. It has two scanning reflectors : the lower antenna (farthest from Eaith in flight) is

designated Al-l and provides inputs to channels 6 and.7. and channels 9 through 15 ; the upper antenna -
(closest to Earth in flight) designated Al-2 provides input to channels 3 through 5 and 8.

AI each channel  frequency. the antenna beamwidth  is a constant 3.33 f 10 % deg. (circular, at half

power  point). Thirty (30) contiguous resolution scenes are sampled in a stepped-scan fashion every

cighl (8) seconds.

AMSU-A 1 radiometer characteristics are illustrated in Table 1.2.2/l.



Ref. : MO-IC-MMT-A  l-0001

Muu MARCONI  SPACE AMSU-Al Issue :2
: Ajmf%&3 0

g : 1.7

Centre

Frequency

(MHz)

50300

5 2 8 0 0

53596k  115

Bandwidth Centre Tempemhwe Calibration Polari- -3 dB Stoj

OMHZ) Frequency Sensitivity Accuracy ?athn Band (SB

Stability NEDT  00 (K) f,kSB

WW (MHz)

-..’180 k 10.0 0.4’ J.5 v 10.0’

(2 pass-bands) . ‘.

-400 *5.0 025 1.5 v 10.0

(2 pass-bands) e

170 f5.0 0.25 1.5 H 30.0

(2 pass-bands)

6 400 k5.0. 025 1.5 H 10.0

(2 pass-bands)

7 54940 400 k5.0 0.25 1.5 V 10.0
(2 pass-ban&)

8 55500 330 f 10.0 0.25 1.5 H 10.0
(2 pass-bands)

9 57290.344 = Flo 330 iO5 025 1.5 H 10.0

(2 pass-bands)

0 Flof217MHz 78 f0.5 0.4 1.5 H 178.0
(2 pas!+bands)

1 Flo 522.2 MHz 36 f 12 0.4 1.5 H 2.56.2
~48MHz (4pas.Gbands)

Flo k322.2 MHz 16 f 12 . 0.6 ’ 1.5 H 292.2
z22MHz (4 pass-bands)

3 Flo 322.2 MHz 8 f 0.5 0.8 1.5 H 308.2
tl0MHz (4 pass-bands)

4 Flo LC2.2 MHz 3 +05 1.2 1.5 H .316.2
r 4.5 MHZ (4 pass-bands)

5 89.0 GHz 3000 * 130.0 0.5 2.0 V 500.0
(2 pass-bands)

__ - .
V : Polarization vector is parallel to scan plane at nadir

H : Polarization vector is perpendicular to scan plane at nadir

Tcrble 1.2.211: AMSU-AI  Channel Characteristics
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1.2.3. Fhlctiond Descriplion

The AMSU-Al consists of one unit with the following modules. AMSU-Al block diagram is illustrated
in RD7.

133.1. Antenna / Drive / Calibration Subsystem

This subsystem consists of a conical carmgated  horn-fed showkid  deflector;  uhltipkxe~  dosed  loop .

antemu  scan drive assembly and closed path calibration assembly..

During an fJ&cond  scan, the reflector observes 30 Earth scene sectors,  the comic  background (= 3
.

deg. K, cold calibration) and an intmul  warm calibration load (5 300 deg. 0 The sampling interval is

3.3333 deg. and the overall swath, with respect to the nadir direction is i 48.333 deg. (see Figure
1.2.3.1/l).

. .

During rotation, the shroud shields the warm load from reflections and ensures maximum decoupling of

the load to the antenna feed during calibration observations.

Complete end-to-end calibration is provided .tiough-the-a  yielding maximum in-fight

calibration accuracy. Knowledge and accuracy of warm calibration load brightness temperature is better

thanf0.2deg.  K

Closed loop antenna scan drive provides beam pointing accuracy witbin f 0.2 deg. Precise  antemu

beam position information is provided in the  measurement / scientific data

A permanent magnetic motor detents prevent reflects  motions during test, shipment and launch.

133.2. Jteceiver Subsystem

All AMSU-A channels are configured as total power super  heterodyne  receivers. Each channel provides

RF to IF conversion, IF amplification, filtering of the frequency bands, detection and video

amplification. Isolators precede the RF to IF conversion, preventing the possibility of local oscillator
F

powa  leaking from the mixer, through the antenna and being reflected from the warm load back into the

RXCiVtX.

Fundamentally pumped double balanced mixers are used for all channels,  stabilized local oscillator for

Channels 1-8 and 15 and a phase-locked oscillator for Channels  9-14. This configuration provides

temperature  sensitivity and high frequency stability. lF filters  in the AMSU-A receiver provide  greater

than 40 dEI out-of-band rejection. SAW filters are used in the extremely narrow IF channels (Channels

11. 12. 13.14). Tunnel diodes provide highly linear square-law detection.

1.233. Signal Processor Subsystem

This subsystem consists of a video processor, analog-@digital  converter, microprocessor,  memory,

FIFO, timing and control circuitry, DC/ DC converters and spacecraft interface circuitry. All channels
of radiometric data, antenna position data, thermometric  temperature of the warm calibration load and
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critical components, and digital and analog housekeeping data are provided to the spacecraft telemetry

system via spacecraft interface circuits.

1.2.3.4. Structural / Thermal Subsystem

A modukized  structural configuration incorporating passive thermal control is used. The me~Wcai  / .

structural assembly is’ a box-type structure with aluminium  par&-to integrate the various subsystems: .

The enclqsure  and internal structure is designed to diminak  radio frequency in&&r&. The AMSU-A

I
utilizes  second  surface mirrors, secondsurface  silvered Teflon tape, gold-tape and multi-lay& insulation

for passive thermal control.
4
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SCAN CYCLE

Earth Scan

Calibration

Description

30 steps of < 0.2 s

(96.667 deg.)

Slew 1 to Cold Cal.

(35.0 deg’for  Cal. #l)

Space View Dwell

Slew 2 to Warm hi.

(96.667 deg. from Cal.  #l)

Warm Load Dwell

Sequence Duration Total

5.965 s 5.965 s

0.190 s 6.155 s
,. -.

0.370 s ’ . . 6.525 s

0.260 s 6.785 s

4

0.370 s 7.155 s

Slew 3 to Scan Position #l 0.300 s 7.455 s
(131.667deg.) (c 8 s.)

ANTI-SUN

Dwell

Sleu

ZENITH

I Dwell

SUN

NADIR

Table 1.2.3.1/l : AMSU-AI  Scan Cycle Description
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1.3. METOP SYSTEM OVERVIEW

13.1. Spacecraft Architecture Concept

(For infoxmation only)

The METOP  mission ,consists of a geocentric, threeaxis  stabilized spacecraft placed into a Sun-

synchronous orbit around the Earth. It is built around a primary strucprre  consisting of : -

_ a service module (SVM),  which provides all standard service elements

- an upper payload module (PLM)  that accommodau3  the different instruments and cotresponding

electronic equipments.

The service module is a box-shaped structure, that interfaces with the launch vehicle at the bottom and

with the payload module at the top.

The payload module provides the main  supporting structure and external panels on which are mounted

the payload instruments. It also provides internal accommodation for both the payload support  systems
and the instrument electronic units.

The MJZTOP  satellite in-orbit configuration is illustrated in Figures 1.3.1/l and 1.3.112.

The AMSU-Al interfaces with the following PLM units :

- the NOAA Instrument Interface Unit (NIU) provides ah command and control interfaces to the

AMSU-Al. i.e. configuration and mode switching (commands ), command verification, housekeeping
telemetry acquisition, and clock a& time management. The NIU also acquires the measurement data

from the instrument.

- the Power Conversion Unit (PCU) provides the AMSU-Al with&e regulated buses.

- the Thermal Control Unit (KU)  provides heater power supply when the instrument is off.
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Figure 1.3.111 : METOP Satellite Overall Configuration (For Information  Only)
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Figure 1.3X2 : Back View of the Satellite (For Information On&)
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1.3.2. METOP Reference Frames

1.3.2.1. Satellite Reference Frame

The METOP satellite co-ordinate system is defmed as follows (Spacecraft Absolute Reference Frame

(0. X,, Y,. Z,) F, ) :

- 0 is located withiri  the spacecraft  to launcher qaration  plane, at‘&,centre  fdthe  attachment ring, -
.

- The Xs-axis is perpendicular  to this separation plane and oriented from the spacecraft towards the, I
launch vehicle,

- The Zs-axis is the normal-out of the surface that carries the stowed solar ady,

- The Y s-axis completes the right-handed orthogonal reference frame.

This  reference is illustrated in Figure 1.321.

During normal payload operations, the (+X)-axis will be closely aligned to the orbit positive normal

direction, the (-Y)-axis  will be closely aligned to the %ETOP  velocity vector and the (-Z)-axis  will be

closely aligned to the local downward direction (nadir)‘.

1.3.2.2. I&rument Reference Frame

The following is a requirement for the definition of the instrument reference frame. The frame  specific

to the Ah4SU-Al is defined in 4 2.1.3.2.

The instrument shall have a right handed orthogonal co-ordinate reference system (X~SU_AI,  YMSU_AI,

ZAvSU_,+,)  Fms~_~~  and it shall be defined such that :

- the origin shall be physically located on an accessible, identifiable instrument exterior feature (e.g. the

centre of one mounting hole, at the instrument baseplate level)
L,

- the  axes being ideally aligned with the Xs, Ys, Zs spacecraft axes, e.g. for instruments mounted on the

platform nadir side, the datum plane which shall contain the YM~u_~,,  ZMs~_AI  axes, is the plane

containing the unit mounting lugs, and the XAMSU_A, axis is perpendicular to this datum plane in the

tircction  from the unit to the datum plane.

Thcsc  axes shall be referred to on all drawings and any finite element description.

I For information. the correspondence between the METOP  reference axes and TIROS  reference axes is :
Xs hETOP  = Z TR0.S  hwJ) Ys METOP  = Y TIROS  c v h) Zs METOP  = - X TIROS (- ukp’/L)
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1.33. Orbital Parameters

1.33.1. Reference Orbit

METOP will he placed into the following reference orbit :

-Type: Sun-synchronous

- Semi-major axis :

- Repeat Cycle:

- Local Solar Time :

5 days (14 + l/S orbi

The  maximum solar aspect angle for this orbit is 60.5 deg. (
between the satellite to Sun line and the normal to the

ar aspect angle is defined as the angle

133.2. Drift Orbit

For METOP-1,  the previous orbit will be r

launch), from an initial polar orbit (close to the
09:45  A.M. descending node (lB&m).

a dmonth  (TBC&  drift.@ phase (dual
onous one) with a local solar time around

The maximum solar aspect angle for this or s 64.0 deg. (TRCm  ; the solar aspect angle is defined

as the angle between the satellite to Sun and the normal to the orbital plane).

For METOP-2.  there is no such a

13.4. Satellite Mission Ph

13.4.1. Mission Phases

During its lifetime, the sa

- Launch Phase
,-_

and Operations

lite is operated through the follotiing  mission phases :

The proper launcb’phase begins at the instant of switching the power subsystem to on-board batteries

bcforc lift-off ak ends at satelliWlaunch  vehicle separation.

- Acquisition Phase

This phase SW at the end of the launch phase and ends once the satellite has acquired its operational,

attitu&and orbit with its appendages deployed. An initial acquisition sequence leading to a system
secured state, is followed by a final acquisition period.

- Commissioning Phase

This phase starts once the attitude and orbit have been acquired and covers the tune that subsystems

and instruments are checked out. It ends when the payload is operational for the nominal orbit.
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1.3.3. Orbital Parameters

1.3.3.1. Reference Orbit

METOP will be placed into the following reference orbit :

-Type: sun-synchronous
.--

- Semi-major axis : 7 197.939 km
. .

- Repeat Cycle  :
. .

5 days (14 + l/5 orbits perday)
.

- Local Solar Time : 09:30  KM. descending node 4

The maximum solar aspect angle for this orbit is 60.5 deg. (the solar aspect angle is defined as the angle

between the satellite to Sun line and the normal to the orbital plane).

1.3.3.2. Drift Orbit

For METOP-1, the previous orbit will be reached after a 6-month  (TBCM~) drifting phase (dual

I

launch), from an initial polar orbit (close to the Sun-synchronous one) with a local solar time around

1O:OO  A.M. descending node.

The maximum solar aspect angle for this orbit is 67.0 deg. (the solar aspect angle is defined as the angle

between the satellite to Sun line and the normal to the’orbital  plane).

For METOP-2.  there is no such a drift orbit

1.3.4. Satellite Mission Phases and Operations

1.3.4.1. Mission Phases

Dunnf IL< lifcdmc,  the satellite is operated through the following mission phases :

- Launch Phase

The proper  launch phase begins at the instant of switching the power subsystem to on-board batteries

ktorc hft-off  and ends at satellitenaunch vehicle separation.

- Acquisition Phase

Thl\ phase starts at the end of the launch phase and ends once the satellite has acquired its operational

attuude  and orbit with its appendages deployed. An initial acquisitkn  sequence leading to a system

sccurcd state,  is followed by a final acquisition period.

- Commissioning Phase

Ttus  phase starts once the attitude and orbit have been acquired and covers the time that subsystems

and mstnunents are checked out. It ends when the payload is operational for the nominal orbit.
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For METOP-1, it starts when the satellite is still drifting to achieve the nominal local  Solar  time Of

09:30.

Routine / Operational Phase

This phase starts at the end of the commissioning phase and covers the time when the instruments are

operational,and the times when orbit maintenance manoeuvres  are performed,
.

1.3.4.2. Satellite Operational Mode
.

ibis  section describes the satellite operational modes and the corresponding pointing perfotmances.
4

1.3.4.2.1. Nominal Operational Mode

The nominal operational mode for METOP SVM is the Yaw Steering Mode (YSM2).  During this mode,

the PLM is in its Operable Mode : the ~nstrumeks  can be nominally operated through their

measurement, heater, calibration... modes, and measurement data are transmitted to the ground

‘lhe  characteristics of the satellite nominal operational mode are the following :

Nominal Mode (YSM)

Commanded Pointing -zS Pointing towards nadir

-Ys Pointing towards the velocity

Pointing Performances (According  to ESA Summation Rules)

Absolute Pointing Error xaxis Yaxis zaxis

AVHIW3  Line of Sight . f0.17 deg. f 0.17 deg. f 0.22 deg.

(TBCMET)

Pointing Knowledge

All Instrument Interface

Reference Frames

axaxis . Yaxh ZaxiS

f0.17 deg. rt0.17 deg. + 0.22 deg.

Absolute Rate Error

(Max. O-4 Hz)

X, Y. Z axes

* 0.005 deg./s  TBC
W-of 1

1.3.4.2.2. Orbit Control Modes

The previous performaxes are not guaranteed during large amplitude orbit control manoeuvres for

altitude maintenance or inclination maintenance. Those are performed in SVM Orbit Control Mode

(OCM) or Fine Control Mode (FCM).

2 During the Yaw Steering Mode (YSM), the satellite Z axis (yaw) is steered according to sinusoidal
function over the orbit  with  an amplitude of about 4 deg.
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During those modes, the PLM is still operable and the instrument nominal operations are not stopped,
even if the generated measurement data may be corrupted This is not true for the initial orbit

corrections, for which the PLM and the instrument status are in LEOP / Off Modes.

Altitude Maintenance

For altitude maintenance during the routine phase (in-plane manoeuvre~)~  the commanded ‘attitude is

similar to the one in the nominal operating modes (YSM or local orbital rkaence  frame), but with.
different pointing performances : _

, I

Orbit Control Mode : Altitude Maintenance
4

‘Commanded Pointing -zs Pointing towards nadir

-Ys. . Pointing towards the velocity

Pointing Performances

Absolute Pointing Error

All Instrument Interface x, Y. 2 axes

Reference Frames f 2 deg. TE3cm

Inclination Maintenance

For inclination maintenance during the routine phase (out-of-plane manoeuvres), the satellite body is

rotated by 90 deg. f 20 deg. around the yaw axis (Z-axis), and by f 20 deg. around the X-axis (local
orbital reference frame), and a thrust normal to the orbit plane is performed The rotation direction can

be both clockwise and anti-clockwise and occurs around a node of the orbit.

The overall manoeuvre  (rotation, thrust and back rotation) is performed during the eclipse phase of the
-

orbit.

During these manoeuvres, the nominal mode is stopped for typ. 4 orbits, but the duration from the

beginning of first rotation to the end of back rotation is less than 1800 sec.

The  pointing performances are then :

Orbit Control Mode : Inclination Maintenance

Pointing Petfoxmances

Absolute Pointing Error

All Instrument Interface

Reference Frames

X, Y, Z axes

+ 2 deg. TEKMFT
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1.3.4.2.3. Acquisition Modes

The acquisition modes encompass all actions leading to a stabilized Earth attitude, including deployment
of all major appendages.

The CarreSponding  SVM modes are the Rate Reduction  Mode (RRM), the Coarse Acquisition Mode

(CAM),  the Fme Aquisition  Modes (FAMl, FAM2 and FAM3)  and the Fi Pointing Mode (FP3).- _ .

During~modes,thePLMisintheLift-offM~andtheaLEOPMode.In~g~~,’allinsmunents

are switched off. -’
_-

Once the satellite attitude is stabilized, the pofntmg  perfm are t.b~+following  (local orbital

reference frame) :

Acquisition Modes

Commanded Pointing

Pointing Perfotmances

.
-ZS

-Ys

Pointing towatds  nadir

Pointing towards the velocity

Absolute Pointing Error xaxis Yaxis .zaxis

All Instrument Interface *s.odeg +, 5.0 deg. * 7.5 deg.

Reference Frames achier .L-BCIW TBcMEr

Absolute Rate Error X, Y, Z axes

(Max, O-4 Hz) f 0.05 degJs  TBcklE’r
J

Note : lhe  mode sequence up to a stabilized satellite attitude may last up to 3500 sec.

1.3.4.2.4. Contingency Cases
.

In the event of detection of a satellite failure, several back up modes exist at PLM and / or SVM levels. ‘.

PLM Failure Cases

For failure at PLM level only, the corresponding PLM modes are the PLM Stand-By Mode, the PLM

FIX Mode and the PLM Safe Mode, depending on the failure. All instruments are switched off.

The SVM IS not affected and the nominal attitude is maintained (see 0 1.3.4.2.1.)

SVM Failure Cases

For failure at SVM level, the PLM is forced to PLM Stand-By Mode, PLM Fix Mode or PLM Safe

Mode, depending on the failure, and all instruments are switched off.

The SVh4 enters several modes that lead to a stabilized Earth pointing attitude. From an operational
point of view, those modes are similar to the very first attitude acquisition that follows the separation
from the launch vehicle, but with deployed appendages.
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Once the satellite attitude is stabilized, the pointing performances are the same as those described in 5

1.3.4.2.3. with similar delay performances up to a stabilized satellite attitude.

1.3.4.2.5. Safe Mode (Sun Pointing)

In addition to the previous back-up modes, an ultimate safety level is implemented on METOP.  This so- . _

called Safe Mode performs the minimal functions for satellite survival by maintaining a Sun-pointed _ _

attitude.  During theSafe  Mode, the PLM is in the PLM Safe Mode and all instrument  are switched off. : :. .

The characteristics of such a mode are : - _

Commanded Pointing

Pointing Performances

Absolute Pointing Error

All Instrument Interface

Reference Frames

Absolute Rate Error

(Max,  o-4 Hz)

Safe Mode 4

+zS Pointing towards the Sun

llie attitude is not controlled but remains
within the limits specified  below

. *

S&lit phases xaxis Yaxis

+, 15 deg. f 15 deg.

shadowed phases xaxis Yaxis

f 20 deg. f 20 deg.

Delay between eclipse and Sun-lit performances : 500 s

The  rate about any axis is controlled

between 0 and &O. 1 deg./s. TBCUFC

There is no commanded spin.3

The transients to reach this final attitude may last up to one orbit.  Transitions to this final attitude are

Undetnmined

3 As a consequence, the (-Xs)  side of the satellite, that nominally faces the  cold space, -may continuously
face the Earth  albedo during the safe mode.
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1.4. INSTRUMENT OPERATIONAL MODES

1.4.1. Operational Constraints

To assure propex in-orbit operations of the AMSU-Al, certain practices are to be observed  during the

mission phases (see 8 1.3.4.1.). These are : _

a> On the ground, the AMSU-Al initial conf$uration  is .the Module Totally Off state, i.e. bdth
antennas are,at the warm calibration position, power to all scanners & in the OFF State,  and power to

the + 28 VDC A&in  Bus and Pulse Load Bus is in the OFF state.
4

b) The instrument survival thermal control ‘ON’, which can be initiated by a dedicated command to the

AMSU-Al, will not be used on METOP. Instead the insrrument  intemal  safety heaters will be used_

The TCU shall provide power during launch and in the OFF mode.

cl The AMSU-Al can be operated, within the constraints hereafter defined, at any time during the drift

phases of the orbit.
.

d) The nominal operating mode for AMSU-Al is the Measurement mode. There  is no specific

requirement from the PLM during this mode.

d In case of PLM failure, the clock / signal and power (10 & 28 V) may not be available at the

instrument interfaces for a maximum duration of 36 hours.

The measureinent data acquisition of Digital A Data from AMSU-Al may be corrupted in case of

spacecraft failure (i.e. Data Enable and Clock interrupted and Sync. pulses present). In this case, the

instrument shall be reset by ground command i.e. by powering down to Off Mode and following

powering up the instrument to Measurement Mode.
. .

Further operasional  requirements are defined within the command sequence from 8 1.5.
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1.4.2. Instrument Mode Overview

1.4.2.1. AMSU-Al Off Mode

This mo$  corresponds to the STAND-BY / SAFE STATE configuration of the instrument.

During AMSU-Al off Mode, the instrument is unpowexd  with the exception of tIx survival power for- -
survival timal  control of the RF Shelves Al-l and Al-2.

Both a&nnas  are parked at the warm calibrati&‘(stow)  position. No service  (telemetry, monitoring~.~)

will be performed bythe  MIX’OP  satellite.

This  Off Mode for AMSU-Al is used :

- during the METOP  pre-launch, launch and acquisition phases

- during the METOP contingency cases (see.P 1.3.4.24).

- during the METOP safe mode (see 0 1.3.4.2.5.).
. .

The Switched TLM bus is available at the instrument interfaces only during the PLM Stand-By and

Operable modes. The tempem&res  will be monitored  only during these PLM modes.

All interface power buses and signals shall be available at the interfaces of the AMSU-Al to exit this

mode.

1.4.2.2. AMSU-Al Measurement Mode

This mode is definexi  as the normal operating.mode  of the AMSU-Al. with the instrument generating
measurement data. ln this mode,  each data cycle includes an automatic calibration sequence using both

warm calibration target and cold space view. .

The AMSU-Al has four beam positions selectable by commands, to provide a cold (space look)

calibration position. Wing nominal Measurement Mode turn-on, the primary cold calibration position

is selected.

1.4.2.3. AMSU-Al Unique Mode

The AMSGAI can be operated in

Those are :

- warm  calibration unique operation

- cold calibration unique operation

- Nader  position unique operation

three unique operation modes for long-term calibration purposes

To go from one unique operation mode to another unique operation mode, a sequence through full scan

(measurement) mode is required.

There is no consuaint on the duration of this mode. . ’
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1.43. Cross Reference Between Instrument and PLM Modes

Phases PLM AMSU-Al Comments

Launch and Lift-Off Mode OffMode

Acquisition Phases JXOP Mode

Pre-Operational Phase Stand-By OffMOde
.

Opekional  Phase Operable OffMode  ,-

M e a s u r e m e n t  M o d e

Unique Mode *

Orbit Control operable AnY During Inclination ManoeuMes,  the

AMSU-Al is triggered to Off Mode
.

or CaliLxation  Unique Mode

Manoeuvres Stand-By OffMode

Contingency Cases Stand-By OffMode
R X

Safe
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1.5. INSTRUMENT LAUNCH AND IN-ORBIT OPERATIONS

The AMSU-Al operational sequences, as used on METOP,  are illustrated in

1.51. General

instrument operational constraints are presented in 6 1.4.

lhe  minimum time between  two consecutive is specified

AMSU-Al tekcommands  are described in 8 3.2.2.

The acknowledgement of the commands by the instrument is

described in 8 3.2.3.2 and !j 3.2.4. When no Digital B tel

is done with the instrument Analog Housekeeping telem

Instrument operations during tests are described in 9 5.

cept as noted.below.

with Dig&al  B telemetry points as
the acknowledgement

I AMSU-Al I

Figure IS/l : AMSU-AI Mode Operation Sequence Used on METOP
/’
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. . Instrument operations during tests are describizd  in Q 5.

1.5. INSTRUMENT LAUNCH AND IN-ORBIT OPERATIONS

The AMSU-Al operational sequences, as used on METOP,  are illustrated in Figure 1.5/l.

1.5.1. General

Instrument operational constraints are, presented in 5 1.4.1.
’

‘Ihe  minimum time between two consecutive is specified in 5 3.2.2. (i.e. 18 s.), except as noted below.. 1 .

AMSU-Al tekcommands are describedin  0 3.2.2.

The acknowledgement of the commands by the instrument is done with Digital B telemetry points as

described in 5 3.2.3.2 and 0 3.2.4. When no Digital B telemetry point is available, the acknowledgement

is done with the instrument Analog Housekeeping telemeay  on the ground.

1 AMSU-Al 1

l also called “Full Scan Mode”

Figure 1.5/1: AMSU-Al Mode Operation Sequence Used on METOP



, .

4



MkrRA  MARcoMl  SPACE AMSU-Al
Ref. : MO-IC-MMT-Al-0001
Issue : 2 Rev.: 0
Date : April  7& 1998
Page : 1.25

1.52. Instrument Sequences to AMSU-Al off Mode

l.!a.l. Nominal Sequence to Off Mode

The instrument switch-off sequence from any mode into Off Mode shall be as following :

1) Send MODULETOTALLY OPPcommand  to OFF ‘_

2) SendSURVIVALHEATERPOWER  OFF _ :

The  previous command sequence shall be executed prior to the launch;

1.5.2.2. Emergency Sequence to AMSU-Al Off Mode 4

In case of emergency (including dqx&ing),  the following sequence shall be issued by the NIU to the

instrument, to switch down the AMSU-Al to Off Mode (protected configuration)  :

1) Send PULL SCAN command to NO ACTION

2) Send WARM CAL command to ON

3) Send MODULE POWER DISCONNECT.

4) Delay 2 sec.

This  emergency switch-off sequence is completed within 38 s. (< 50 s).

No power (except for’survival thermal control) and no interface signal will he available at the interfaces.

Note : Handling of measurement data may be switched off immediately after emergency signal

reception by the NIU.
.

15.23. Recovery  From Emergency Switch-Off

The following procedure shall  be executed to recover the AMSU-Al after an emergency switch-off to

Off Mode, prior to trigger the Measurement Mode : -

I ) Send MODULE TOTALLY OFF command to NOT OFF .

2) Send MODULE TOTALLY OFF command to OFF
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153 . Instrument Sequence to and During AMSU-Al Measurement Mode

. . EL3.1. Switch-on From Off Mode to Measurement Mode

Before leaving the Off mode, the following minimum temperamm  requhements  shall be met :

Telemetry Point

RF Shelf Al-l

RF Shelf Al-2

Scan Motor Al-l

Scan Motor Al-2

‘Ibis is determined by the METGP  Ground Segment.

Mirlh+rm  Te&e+ure

r - 2 2 d e g . C

” r -22 deg. c

1-35  deg. c
q

r -35 deg. c

,

,
._-

L

. The instrument switch-on sequence from AMSU-Al Off Mode into AMSU-Al Measurement Mode
shall be as following :

1)
2)

II 3)
4)

5)
6)

7)

8)

.I
9)

Send MODULE TOTALLY OFF command to NOT OFF

Send MODULE POWER CONNECT command

Send SURVIVAL HEATER POWER OFF command

Send COLD CAL POSITION MSB command to 0_.
Send CGLD CAL POSITION LSB command to 0

Send FULL SCAN command to ON

Send SCANNER Al-l POWER command to ON

Send SCANNER Al -2 POWER command to ON . .
Send PHASE LOCK LOOP SELECT command to PLLO #l

Note : The above sequence assumes that PLLO #l shall be selected. In case PLLO #2 shall be selected,

the same stxpnce  shall be followed and, instead of sending PHASE LOCK LOOP SELECT

command to PLLO #l (Step 9). one shall send PHASE LOCK LOOP SELECT command to .e /
I:

PLLO  #2.
.

153.2. Switch-on From Unique Mode to Measurement Mode

The ~nsvumcnt switch-on sequence from AMSU-Al Unique Mode into AMSU-Al Measurement Mode

shall  bc as following :

1) Send FULL SCAN command to ON

2) Send WARM CAL command to NO ACTION

3) Send COLD CAL command to NO ACTION

4) Send NADIR command to NO ACTION
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1.5.3.3. Sequences During AMSU-Al Measurement Mode

1.5.3.3.1. Secondary Phase Lock Loop Operations

AMSU-Al  is equipped with two Phase Locked Loop Oscillator (PLLOs)  : PLLO #l is used as primary
and PLLO #2 is used as redundant. Only one PLLO is ON at any time.

During the AMSU-Al Measurement Mode, it is possible to change”the  PLLO w$h the foll~tin~
. _

command : .

I 1) Sehd  PHASE LOCK LOOP SELECT command to PLLO #2
4

‘Ihis  command can be Sent to the AMSU-Al at any time of the scan cycle.

The  measurement data will be out of radiometric specification  until the PLLO temperahue  is stabilized,
i.e. for one orbit.

1.5.3.3.2. Selection of Cold Calibration Position

To select any of the f& cold calibration positions, the following sequence shall be executed in AMSU-

Al Measurement Mode. This command sequence can be sent to the AMSU-Al at any time of the scan
cycle.

1) Send FULL SCAN command to NO ACTION

2) Send WARM CAL command to NO ACTION

3) Send COLD CAL command to ON

For Position I (6.6670 deg. from -X axis)

4) Send COLD CAL POSITION MSB command to 0

5) Send COLD CAL POSITION LSB command to 0

For Position 2 (8.33;0  deg. from -X axis)

4) Send COLD CAL POSITION MSB command to 0

5) Send COLD CAL POSITION LSB command to 1

For Positton 3 (9.9990 deg. from -X axis)

4) Send COLD CAL POSITION MSB command to 1

5) Send COLD CAL POSITION LSB command to 0

For Position 4 (13.3320 deg. from -X axis)

4) Send COLD CAL POSITION MSB command to 1

. 5) Send COLD CAL POSITION LSB command to 1



Ref. : MO-IC-MMT-Al-0001

2 ;&$;a8 '
Pase. : 1.28

End of Sequence

6) Send COLD CAL command to NO ACTION

7) Send FULL SCAN command to ON

15.4. Instrument  !ikquence  t o  A M S U - A l  UniqueMode ._ _ ,

154.1.

1)

2)

154.2.

1)

2)

3)

15.43.

1)

2)

3)

4)

II

Warm Calibration Unique Mode

Send FULL SCAN comma& to NO ACXION

!3endWARMCALcommandtoON  . .

4

Cold Calibration Unique Mode

Send FULL SCAN command to NC? AmON .

Send WARM CAL command to NO ACTION

Send COLD  CAL command to ON

Nadir Position Unique Mode

Send FULL SCAN command to NO ACITON

Send ih’ARM CAL command to NO ACI’ION

Send COLD CAL command to NO ACTION

Send NADIR command to ON.
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2. h%ECHANICAL  AND THERMAL INTERFACE DESCRIPTION
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2.1. GENERAL

2.1.1. Interface Definition

The interface definition for the instrument is the following :

Instrument

Mechakal

Instrument unit (including its side mounting
bracket).
Alignment device in the form of an optical cube
permanently  mounted on the instrument  and
aligned by the Instrument Supplier
All insmunent  covers (including apemn-e  cover
and collnector  cover) a . . . I
Alignment (dowel) pins &U/rdflUs

Thermal

Unit thermal  control.hardware,  including :
blankets,
operational mode internal temp. sensors

Survival  heaters and related thermostats for the
thermal control of the instrument (see note).
l-hexmal  washers 1

-2
SAM-+

$fibre@us  washers G-NCR.)
2 (fibreglass  insulators G- ’

~oCR)~m-4+7.+//&2

Note : Safety heaters / survival heaters for MET0

.Attachment  bolts

Head bold washers (flat welshers)
Adjustment shims
Ground strap

Additional thermal isolation stand-off. (TB&)

IWmal  blankets attached to the MEFOP
struchnz

use : see P 2.3.4.5.

Head Bold Washer

Figure 2.1.1/I  : Definition of Attachment Hardware (Generic Schematiss)
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2.1.2. Module / Unit Identification

‘Ihe Part Number and Identification Code of the AMSU-Al instrument are :

1) Equipment Name :

2) Purchase Order Or Contract Number :

Advanced Microwave Sounding Unit - Al. . .

NAS5-32314

3) Manufacturer Name :

4 )  PartNo:

Gencorp  AeaGj& . . -

‘.. .EM N/A

5) IDCode: N/A i,,~%+-, Hr -

i
FM 1331720-2

3.3.3.sR

,6> METOP ID Code N/A

The location of the labels giving these Part N&r&s  and Identification Codes are defined in the
Mechanical Interface Control Drawing (See 8 2.1.4.).

2.13. ReferenceFrames
. . .

2.13.1. Satellite Reference Frame

See 0 1.3.2.1.

2.13.2. Instrument Reference Frame

The reference point for all mechanical and thermal data is the centre  of the alignment pin (item rmmber

17) as shown in the interface Control Drawings  (at the interface to the PLM structure, see 6 2.1.4).

The AMSU-Al  Insmunent  Interface Reference Frame, F AMsu_AI , with the origin being at the reference
point,  is as defined in the Mechanical Interface  Control Drawings (see 9 2.1.4.). The directions of the

FLVSu_AI  axes are the same as the Spacecraft  Reference Frame Fs. c
I

. ,

2.1.4. Interface Drawings

2.1.4.1. Mechanical Interface.Drawings

Tk  AMSU-AI instrument configuration and mechanical interfaces  are illustratkd in the following

interface drawings :

- AMSU-Al Instrument Interfaces. Ref. MMS-106644W-DD-l/4-03

- AMSU-AI Instrument Connector Panel, Ref. MMS-106644WkD-314-02

- AMSU-A 1 Instrument Accessibility, Ref. MMS- 110204E-DD-VI-01

.
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2.1.4.2. Thermal Interface Drawing

The AMSU-Al inshument thermal interfaces.  are illustrated in the following interface drawing :

II - AMSU-Al Instrument Thermal Interfaces, Ref. h4MS-106644-W-DD4/4-02

2.1.43. Field  of View Interface Drawing
.-. 1

The AMSU-Al instrument field of view is illusuated in the following intexface  “$ng (
. .’

- AMSU-Al Instrument Field of View, Ref. MM!&106644-W-bD-2H-02. :

4



.

.
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2.2. MECHANICAL INTERFACE DESCRIPTION

2.2.1. Physical Envelope

AIvISU-Al is fully integrated into a single unit including its side mount@  bracket. All the following .

mechanical charactetistics  include the side mounting bracket . ..

The external unit dimensions in both launch and in-orbit modes. in&ding  thermal blankets, studs, ._

mounting lug and co~ector  envelopes, shall be to a tolerance of&l mm. These are :

AMSU-Al Configuration Y axi! (vekity) x axis ZaXiS

(Nadir)

Total Envelope 1 731.5,nm  1 407.7 mm 1 604.5 mm

The  ovaall  dimensions are defined without thexmal  stand-offs, which are’h4ETOP  specific,  and without
connector saver.

AMSU-A1  does not have any deployable part.

2.2.2. FWd of View Definition

The accommodation on METOP  provides AMSU-Al  with the following unobstructed Field of View
(FoV.  see also interface drawing 0 2.1.4).

The AMSU-A1  boresight is defined  as the nadir direction. ‘Ibe instrument field of view definition is :

- two vertex : the origins of the field of view are quoted on the interface drawing (8 2.1.4.).

- Spacecraft provision :

. Cross-track scan plane :

from 86.9 / 90.4 deg. anti-Sunwards to 5 1.9 / 55.4 deg. Sunwards.

This is the general envelope for :

3.5 / 7 deg. margin + 35 deg. anti-Sun calibration + 48.33 deg. anti-Sunwards

+ 48.33 deg. Sunwards + 3.5 / 7 deg. margin

Note : the cold space look field of view is an envelop for 4 cold calibration positions.

. Along-track plane : f 3.5 / 7 deg.

The requirements for the instrument thermal radiators are specified  in the Thermal Interface Description

sections of this document (0 2.3).
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2.2.3. Mass Properties

The mass properties of the AMSU-Al ins-. are given in the following table. The co-ordinate
. *

system used is the Inshument  Interface Reference Frame, F~u_A~  .

2.23.1. Mass and Centre of Mass Location
.._ . .-

The  AMSU-Al  centre  of gravity location has been mfasured  without the +a- bolts / titihers  or _

thbmal  stand-offs. Instrument to MfZTOPPLM  interface connectors  and thermal blankets are ‘included:

Module

/Unit

AMSU-Al

Specified Mass. Centre  of Maas Location

With Respect to the Reference Point

(* 05 mm)

JhmJ-Al YAMSU-Al ihhlsul

s.~p
(-0 (Anti-velocity) (zenith)

3-G. -224.3 mm -332.3 mm +7.0 mm

AMSU-Al  MassFropeHits

The AMSU-Al instrument shall not exceed the above specified mass for the METOP  mission.

‘Ihe AMSU-Al mass shall be measued  at f 0.1 %.

The AMSU-Al basic (best estimate) mass is : 54.1 kg (for infmation  only).

2.233. Moments d Inertia :
The AMSU-Al moments of inertia abwt the centre  of mass of the instrumem  are as follows. These
numbers are with the motors not operating.

I Module I Mome&dinertia  @JIG) G% 1  . .

*
/Unit IXX hY I22 IXY 1x2 IYZ

.
AMSU-A 1 3.684 2.151 2.67 0.009 0.528 0.042

AMSU-Al  Moments  of Inda

No& : IIe moments of intia  are defined as follows :

I, -I, -I,

i 1 1, = J(Y2 +r’)dm I, = J&m
-I, I, -I, with: I, =j(x’+z*)dm and  I,= Jxiyim

-I, -I, I, 1, = J(x2+y2)dm I, = Jyzdm

. :
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2.2.4. Instrument Mounting Attachments

2.2.4.1. Mounting Description
* .

Mounting shall be done using the side mounting bracket of the instrument_

The AMSU-Al is mxlnted  using the iwrummt-supplied  fbqlass  .wasks (1 & 2) and alignment .

pius, aud satelIite_suppliexi  multiple bolts through the Wtmmeat  sic+ umntiug  bracket, head bold‘

washers  and adjustment shims. Where requikd  MEYIOP will provide a&itional  thermal stand-offs.

The following table ckscribes  the insmunent mounting hardware : 4

._

Module/Unit Bolt Size Instr. Mounting Length Torque Q-w

AMSU-Al Hole gamepr ( m m ) (Nm)

(mm)

(+ 0.10 / - 0.0)

Instrument Unit M6 7.11 TBh  TBD=  16

(TBCMEr) CBORE 15.04

I’
Alignment Pins N/A 7.11 19.05 NJA 2

CBORE 15.06

Tolerances  are specified in the intedace drawings (see  0 2 1.4.).

2.2.4.2. Mounting Hole  Poskion  aud Reference Pdnt (Hde)

ThedefinitionofthemxlntinghdesandtheinstnrmentRefereacePinfarAMSU-Alisgiv~inthe
Mechanical Interface Control Drawing (see 0 2.1.4.). .

2.2.43. Mouuting Stufaa? chprnderistics

Instrument  Side sulfaa cop1anality

Surface roughness  of attachment face

Total area of the mounting surface

Within0.130  mm

N/A

Contact only through
.

thermal  stand-offs

METOP Side surfa.ceFlahIt!ss LessthanO.l mmin1OOmm

Surface roughness of attachment face I 1.6 microns R.A

Shimming Accuracy for Flatness Within 0.0254 mm

2.2.4.4. Instrument Location

The mounting surface is on a -X (anti-Sun) face of the PLM structure.
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instrument Side AMSU-Al Baseplate Aluminium  alloy with G 10 ixcxzt

washem and Titanium  aligllmegt pins

METOP  Side

Mounting Area Ftish

PZM Smcture

Alodyne~
., .

. .Ahgmumskinw#&ahomycombcm

TwtET AtrachmentBoltsandWashers ntalliirm  bolts with stainle!s  steel

&hczs
4

+lhxmal  isolatioIl  stand-off mamial TB%ET

2.2.4.6. ThemElastic  In*

2.2.4.7. Grounding Prmishs
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2.25. Accessibility

AMSU-Al

Accessibiity  to specific  parts of the instxum&t  shall be guaranteed, when accommodated  on METOP.

7  PllrgingInteff~ NoIE

8 Anachment  bolts +x During AIT activities (3)
__ _

(1)

(2)

(3)

me covers are such mat the antenna can rutate  with the covers in place.

Instnrmem  accommodation to ensure access to all interface bolts oriented through the side

mountingframe.
. *

The fah on which specific parts are accommodated are defhed  in the following  :

AbfStJ-AI _. .- ._ _

This table indicates the viewing direction  from, the inspumen~.  _

. . . .Item Instrument side AccessRequired:

1  Electricalconne!ctors -Y Duriq Am activities

2 Connector Savers -Y During AIT  activities

3 COMecta  dust  CZ4.X -Y when  the insmunent  is not in use.

4  Testconnector -Y During all AIT activities

5 Alignment c&e(2) +Y During AIT alignment activiti~

6 Two  reflector covers (I) - x / - z During aII AXT  activities, except

TIWV.  vibration and EMC (TBC)

.

. .

. .:‘

The detailed position of these items are Mkated  on.  the Me&anical  Interface Control Drawings (8 .

2.1.4.).

(.._  1. ,



23.6. On-Ground Alignment
.

23.6.1. Alignment Method .

The  primary co-registration of AMSU-Al interface is with respect to .AVHRRI3 i n t e r f a c e .  The

instrument provides no means of alignment ad@stment.  AMSU-Al is atta&xi  to the METOP  P&M

structure with a placement accuracy off 0.3 degrees. No nx&a&l’  meaaS of adjusunent  for .rotatip .

is @Rseen  &out  any axis far initial gro@ c4Hisaation:  The WtqlmHu~is’acco~  accepting.

the X, Y. and 2 axis positions. Measurement of the alignment  of AMSU-Al. with respect to the

spacecraft reference axis, is by use of the insmurk%  provideci  optical reIere~&~  cube mamted  on the

instrument and is measufed  to an accuracy off 0.006 degrees. The  a~alignment  between AMSU-Al

and AVHRRI3  is measured to an accuracy off 0.009 degrees.

The Cross  reference between the instrumem  bore5ight  axis and its optical aligmnent  surface and between

~opticalalignmentsuriaceandtheinstnrmetrtmountingrmrfaceisestablishedatins~leveland
reported  in the Acceptance Data Package.

2.2.6.2. AlignrnentHardware

The position  of the ixkmmmt  optical  reference  cube is given in the Mechanical Interface Control
Drawing ($ 2.1.4).

AMSU-Al Alignment Cube

lkSUiptiOLl

Alignment Surface Viewing Direction

Surface Size (for one surface)

surface characteristics

Two orthogonal  alignment surfaces

Satellite  +Y and -Z sides.

>645mm’

Polished  flat to within II4 where 1= Sodium Yellow

surface  orthogonality f 10 arcseconds

she cube shall be taped  for all periods when the cube iW @*, &ccM .

l?us  cube is not removable.
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2.2.6.3. Alignment Tolerances for Instrument Intetiacs

‘The following table gives the alignment tolerances of AM!W-Al  :
tnt!, TflhTRL  Aa j, .w-pq-  . --“, “---.

METOP  Axes X Y 2 Respon-

(2 Sigma Values) myit*? . . mid ma siblk

Absolute alignment tolerance __ .

bifween the instrument line of sight- - f 0.25 f O.-Z f 0.25 AMSU-Ai

a n d ‘the optical alignment s&ace.
1

Change of alignment tolerance after environmental test
between the instrument line of sight f 0.05 f 0.05 f 0.05 A&ISU-Al

and. theopticalalignmentsulface . . .,
Absolute alignment  tolerance 3c +
b e t w e e n the instrument line of sight f 0.20 f 0.20 AMSU-Al

and its mcnmting  surface

Change of alignment tolenrnce  a&x environmental test
between the irsmunent line of sight f 0.05 f 0.05 AMSU-Al

and its mohring  surface

Absolute alignmenttokrance ti

between theillaumentlineofsight f0.20 - - AMSU-A 1

and the mcmting surface hole p-

2.2.7. Deployment Mechanisms and Pyres

2.2.7.1. Deployment Mechanisms

Na apphcable  for AMSU-Al.

2.2.73. Pyres

Na applicable  for AMSU-Al.

II

. .
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2.2.8. Intlsface! structural Des@

! -
Flight Limits Lo& are enveloping the loads, including launch  manufacturing, handling,

transportation  and ground testing (excluding qualification testing). .

Quulificution  Limit Lmds add a qualification factor (1.25 far METOP)  on top of the Flight Limit .

Loads: -._

, _.

231.1. AMSU-Al Loads

The  AMSU-Al  is tested to the following limit loads applied at the hmunent intezface  atwhment
4

points :

LoadAxis

x. Y Z

h4aximum  Flight Limit Load 13.1 g 13.1 g 13.1 g

Qualification Limit Loads 16.5 g . 16.5 g i6.5 g

23.83. METOP  Induced bads

The maximum predicted limit loads  applied to the AMSU-AI during the METOP  mission are illustrated

in the following table :

Maximum Right  Limit Load 1 17.8.g
I

Applied  at unit cenue of gravity

Qualification Limit Loads -7 ~ 22.3 g I .in  any spatial direction

Figure 2.2.8.2/l  : METOP Induud Loads for AMSU-AI
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2.2.8. Interface Structural Design

Flight Limits  Loads are enveloping the loads, including launch, manufacturing, handling, transportation

and ground testing (excluding qualification testing).

Qualification Limit Loads  add a qualification factor

Loads.

2.2.8.1. AMSU-Al Loads
,

(1.25 fa METOP)  on top of the Flight Limit

_. __

The AMSU-Al is .&ted to the following limit loads applied at the instrument interface attachment

points :

r Load Axis

X Z

Maximum Flight Limit Load 1 13.2 g I 13.2 g I 13.2 g

Qualification Limit Loads I 16.5 g I
. .

16.5 g I 16.5 g

2.2.8.2. METOP  Induced Loads

Preliminary ar$ysis indicate the following maximum predicted limit loads applied to the AMSU-Al

during the METOP  mission :

1 Maximum Flight Limit Load Applied at unit centre  of gravity
I

1 17X g
I

I
I

I
I

I Qualification Limit Loads I 22.3 g L ’ in any spatial direction
I I

I
I

I
I

Figure 2.2.&2/l  : METOP Induced Loads for AMSU-Al

These levels will be revisited following future structural analysis and the METOP  structural model test
campaign.
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2.2.8.3. l-g Interface Loads
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The AMSU-AI l-g interface loads, calculated at ezch  interface point (zero  preload), with the instrument

hard-mauntedconfigurationarepresentedinthefollowingtaMes:

AM!W-Al  Hard Mounted Interface Loads

Basedon18AppliedinX

13 1 o-703 32.62 36.38 * 0.0

17 Alignment  Pin 2 10.75 0.00 0.0

10724

9 10748 9.82 3.02 0.0
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AMSU-Al Hard Mounted Interface Leads

Based on 1 g Applied in Y

17 AlignmealtPin2 7.50 0.00 0.0
10724

’9 10748 11.36 14.4 0.0

.

L

.

-7

1 IAmlZddoc]
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AMSU-Al Hard Mounted Interface Leads . .

BasedonlgAppliedinZ

17 Alignment  Pin 2 14.10 . 0.00 0.0

10724
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(1
2.2AM. Structural Frequency Characteristics

.

2.2.8.4.1. Launch Configuration Frequency Characteristics .

The  following gives the dynamic frequency characteristics  of the AMSU-Ai  sensor  bit in the launch

canfiguration.

AMSU-Al Sensor  Unit  ’ . .

Frequency Mode Effedke Mass (kg) Effective Inertia (kg&)

OHz,f296) Mx MY Mz w IY I7.

101.8 LocalSheetmetal O.OOl 0.002 0.070 N/A N/A’ N/A

Gulalysis)  be!JKlhg

109.5 Card cage < O.OOl 0.647 0.009 N/A N/A NIA
(analysis) bending (4)

I

120.4 Frrst  structural 0.069 4.573 0.015 N/A r;vA N/A

(=ws) fi-quenqI I I I I I I

AMSU-AI Eigen  Frequencies and Associated  Effective bfassts and lhiae.

2.2.8.4.2. In-Orbit Chfiguration  Frequency t%racteristics

N/A.

22.83. Shuctural  Mathematical Models - Applicability for AMSU-Al

The requirements for cldivay and format  of insuumed  structural mathematical models  are provided in
AD2. This  section defines the applicability of delivezable  matkmarkal  models for AMSU-Al. -

\

,
2.2.8.5.1. Full Static Model

I
Not applicable for AMSU-Al.

2.2.8.5.2. Reduced Dynamic Model - Launch ConQuration

Ncx applicable for AMSU-Al.

2.2.8.5.3. Reduced Jlynamic  Model - Deployed (In-Orbit) CorQuration

JI
A model is required for AMSU-Al.

2.2.8.5.4. Simplified Therm~Elastic  Model

A model  is required for AMSU-Al.
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2.3. THERMAL INTERFACE DESCRIPTION

23.1. Thermal  Control Concept * 9

AMSU-Al is a Categcuy A insuument. Its thermal control is autonomous with dedicated radiators and

heaters that are the responsibility of the hsaumenL ._
.

TheInstrumentSupplierisresponsibleforthethennaldesignand~~analysisoftheinstrument
within the METop  defined thermal interface constraints.

*
2.3.1.1 Thermal Control During Nominal Operations

The nominal operations comespond  to the AMSU-Al Measurement Mode and Unique MO+

During these modes,  the instrument unit .temp&ure  is contdled  by passive design (blankets  and
radiating surfaces).

23.12. Thermal Control During Non Nominal / Contingency Operations

2.3.1.2.1. General

2.3.1.2.2. Transient Attitudes

The Ah4SU-AI shall be in Off Mode oc Warm Calibration Unique Mode far any transient attitude

sequence : in this mode.  the instnunent  is self-pratected  against &y’Sun  illumination condition, with the
refkctors  internally parked to the warm calibration position.

2.3.1.2.3. METOP  Orbit Control Modes

The AMSU-Al in Off ,Mode  OT Warm Calibration Unique Mode is compatible with the METOP orbit

control  modes (See 9 1.3.4.2.).

2.3.1.2.4. METOP Safe Mode

The AMSU-A  1 in the Off mode is compatible with the METOP  safe mode as defined in 8 1.3.4.2.
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2.3.2. Instrument Thermal Requirements

23.2.1. Instrument Temperature Range

2.3.2.1.1. On-Orbit Tempexame Range

‘Ihe following are the on-orbit tempeaure  limits (for xfeaaceonl$,  s&t 23.22) :
I

Deg.c operational  - Non Operational Switch-On.-
(Measurement add (Off Mode)

Unique Mode@ 4

I
I I

Min. Max. I Min. I I Min.
I I I

+38 -22 I +54 I -22

2.3.2.1.2. Ground Testing Temperatme limits

‘Ihefollowingtemperatureswillnotbeexceededduringallgrwadtests:

W3.C Operobiorrpl

(Messurement  and
Unique MO&S)

Non Operational.

@EMode)

SWitCh-0~

Min. Max. . Min. MPX. Min.

TWlplIltW -12 48 -22 +54 -22

Receiver  ShfAves

A l - l  andAl-2

l

Under  these extreme tempemtwes,  the instruknt  may not meet its radiomeuic specification.

2.3.2.1.3. Ground Storage and Transportation Temperature Range

Dunng  ground  staage.  with the instrument  installed on the satellite, and during transportation of the

complete spacecraft  the temperatuw  of the instrument will be maintained in the range :

-22 to +54 deg. c

,

232.2. Temperatures at the Interface

The AMSU-Al is a category A instrument and as such is isolated from the spacecraft structure.

ThermaJ  control design is the responsibility of the Instrument Supplier.
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2333. Radiative Requirements

’ AMSU Al has radiators cxknted in the -X, -k and -2 directions  (METOP satellite  axis). The  m@‘ity

oftheremainingsurfacesareinsulated~theexternalmvinwmentandthe~~.byuseofMLI

blankets: ‘Ihe view facuxs  for the radiators are given in 0 2.3.4.2

- ._
.,

-.

233. Thermal Control Budgets
:

233.1. Heater Power Budgets 4

Heater  power is required by the AMSU-Al whew  non operating (Off Mode). The  me@ondh&  heater

power budget is dealt within 8 3.4.2

Note:theAMSU-Alusesopaationalbeateisthatarepowaedwiththe~~powerbuses.The
corresponding  budget is included in the power budget fxom 0 3.4.2

233.2. instrument Thermal  tipation

The dissipation of the AMSU-Al instrument is constant Woqhout  the orbit aud is (see Q 3.4.2) :

AMsU-Al Tllwmml Dhsip&0n  (watts)

SateWe Nominal Opmhg  Mocks Safe Mode

I MinlmumDi.ssipatiorl I .Maximum  Dissipation I
min/Max

I Meas.&Unique OffMode

I

MeasunmentandUniqueModes

I

Off Mode EOL

Modes BOL EOL

1 y 75 1 0.010.2  1 9”. $8 I O-O

2333. Heat Exchange Budgets

2.3.3.3.1. Conductive Heat Tkansfer

The averaged calculated total conductive tit transfer between the Payload Module structure and the

AM!%-AI baseplateshallbcintkrangeasshown:



-10 0 10 20 30 40

Opmiqnal  Mode

METOP  PLh-l /In&rum&t Interface  Temperature (dqg.  C)

+:waltsintoPLM - 1 wattsoutofPLM

Figure 2.3.3.3/l : Orbi!al  Average Power lhnsfer

2.3.3.3.2. Joint-Char&st.ics

AMSUAlisWrmallyholatedfromthespaceuaft~ctureusing~ supplied GlO tkmal

II
washes and additional METOP-mpplied  stand-offs (TEtC&.

2.3.3.3.3. Radiative Heat Transfer

The averaged calculated radiative heu  transfer between the Payload  Module structure and the AMSU-

Al fordifferentcases.asdetermiaedfromthecouplcdanalysis,are:

AMSU-A 1

Rtiators

Rad&ative Heat Transfer (Orbit Average, Watts)

Satellite Nominal Operating  Modes

Minimum Dissipation I Maximum Dissipation

Safe Mode

minIMax

Jmi4Er

Meas. Mode OffMOde Measurement and

Unique Mode U~nique  M o d e s

TBDm TBDm TBDMEr

OffMode

TQfJZT

-.

, ,... . .
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2.3.4. Thermal Interfaces

-U-Al

23.4.1. Conductive Interfaces

The total thermal conductance between the AMSU-Al instrument and the Payload Module is 9.9 W/K

2.3.4.1.1. Description ,:.

The conductive interfaces are the mounting feet which are defined in the rjechanical  rnterface  Control . _a

Drawing Q 2.1.4.).

1) The mounting pad area is : 5.94-6.04mm2/pad 4

2) Number of pads : 16

23.4.1.2. Bolts

The bolts are defined in 6 2.2.4.

2.3.4.1.3. Thermal Stand-Offs

I
I See Q 2.3.3.3.2.

2.3.4.2. Radiative Interfaces

2.3.4.2.1. Radiator Characteristics

The AMSU-Al radiator areas are :

Radiator Viewing

Direction

(hlETOP  axes)

Radiator Area

Available (I& Used (m2)

Thermal FOV

Achieved

-z 0 . 1 0 6 0.106 ~&ET

-Y/-Z 0.132 0.132 ~DMET

I -x 1 -z I 0.084 I 0.084 I . ~DMET I

I -Xl+Z I 0.123 I 0.123 I mhET I
I I I I I

.

.

AMSU-AI  Radiator Areas and Thermal Fields of View
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23.4. Thermal Interfaces

23.4.1. Conductive Interfaces

ThetotalthermalconductancebetweentkAMSU-A1iastrumentandtbeP Module is TBDm

WK.

2.3.4.1.1. Description

‘Iheconducti~einterfacesarethemountingfeetwhicharedefiaed Mechanical Interface Control

Drawing 0 2.1.4.).

1) Themountingpadareais: 5.94- 6.04mm2/pad

2) Number of pads : 16- .

2.3.4.1.2. Bolts

The bolts are defined in 4 22.4.

2.3.4.1.3. Thermal Stand-offs

The instrument is supplied with GlO

foreseen  for AMSU Al (‘IX&.

(IX,&. No additional tkzmal  stand-off is

23.43. Radiative Interfaces

2.3.4.2.1. Radiator

The AMSU-Al radiator

,

Radiator Viewing . Radiator  Area Tkrmal FOV

Achieved

-2 0.106 0.106 TBD& .

-Y / -z’ 0.132 0.132 TBD*

-Y J iz 0.095 0.095 -l-BDMJZT

- x / - z 0.084 0.084I I I I TBDkIET I

I -x/+z 0.123 0.123 TBDMET

AMSU-AI  Radiator Areas and Thermal  Fields of View
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2.3.4.2.2. lkamo-Optiti  Roperties

’ TheexternalsurfacesoftheAMSU-Aliastrument,andthefinishesusedaregivenintheThennal

Interface Drawing (Q 2.1.4.). The mechanical characteristics (planarity, matei$k...)  is desuie  in the1
Mechanical Interface Description  section (5 2.2.4.).

/lhe themwptical  pmpetties  of the finishes axe given in the follow&  tile. ‘.

# Acroiym Surface/Materiai

EOL Emit-

1 ALCONVTIT Front panel, panel edges around side

surfaces,baseplam

/ chemical  conversion coating on

6061 T6 Aluminium

0.33 0.34 0.04

. /GoldCoat@

3  OCLOSR’I-IT

QllamMirror

surface / Flexible

Mirror (FSSM)  5

H 0.15 0.16 0.80

OtkthiUlthOS2 0.59 0.72 0.74 ‘0.80

umhGzed  Kapton  (5mil)

l : Extrapolated from 5 y WC)H &e.

AMSV-AI Mate&l  Thenno-opficcrl  Propertics

,

- ..

-1.

23.43. Thermal Heat Capacity

The thermal heat capacity of AMSU-Al is TEBDuI  J/K.



:.-
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2.3.4.2.2. Thermo-Optical Properties

The external surfaces of the AMSU-Al instrument, and the finishes used are given in the Thermal

: Interface Drawing (Q 2.1.4.). The mechanical characteristics (planarity, materials...) is described in the

Mechanical Interface Description section (0 2.2.4.).

The thermo-optical prope&es  of the finishes are given in the following tabie :

# Acronym Surface / Material Solar Absorptance IR’ ’

BOL EOL EOL Emit-

Syr. 6yr. * tance

1 ALCONVTIT Front panel, panel edges around side 0.47 0.55 0.55 0.14

surfaces, baseplates .
/ Chemical Conversioil  Coating on

6061 T6 Aluminium

2 GOLDIZTIT Side mount interface, +Z surface, . 0.28 0.33 0.34 0.04

Antenna shroud  and warm load shields

/ Gold Coaling

3 OCLOSRTTT -Y surface, +Y lower surface, +X 0.07 0 . 1 6 0.17 0.79

surface / OCLI Second Surface -

Quartz Mirror

4 AGTEFLSMO Y surface, +Y lower surface, +X

surface / Flexible Second  Surface

z 0.15 0.16 0.80

Mirror (FSSM) 5 mil Silvered FEP

Teflon

5 BLKANOTfT Antenna interior / Black Anodize on 0.52 0.54 0.54 0.84

6061 T6 Aluminium

h %I I APERTTT AMSU-A 1 Aperture 0.90 0.90 0.90 0.90

yf K.\EOS5MO  Over surfaces other than those 0.59 0.72 0.74 0.80

specified above

/ IT0 Aluminized Kapton  (5-mil)
_ _- _,
twapdarcd  from 5 year data (TBC)//&p

AMSU-AI Material Thermo-Optical,Properties

2.X4.3. Thermal Heat Capacity

I I
The rhcmmal  hear capacity of AMSU-Al is 35633 J/K.



23.44. Instrument Temperature Measurement

For the thermal control provided by the spacecraft of

thermostats are mounted inside the AMSU-Al itself.

Location : Receiver shelves Al-l and Al-2

Pase :  2 . 2 7

the instrument during AMSU-Al Off Mode, two

II The set temperatures for the internally mounted survival and safety heater thermostats are : . .

: closedat -18.0+4.5deg.C  _ .
.I

.’ -,

- Open ‘at -1.0 2 4.5 deg. c
4

2.3.4.5. Heater Definition

The following heaters are implemented on the AMSU-Al :

I Location N u m b e r ” Total Resistance Resistance Variation

<natSdeg.C)f5% *AR/R

Survival Heaters 1 connector ,He.ateronAl-I  Shelf: 30.4.

for 2 parallel Heater on Al-2 Shelf : 44.1

heaters Equivalent : 18

TBDMSI / deg. C

Safety Heaters 1 coN1ector

for 2 parallel

heaters

Heater on A 1 - 1 Shelf : 30.4.

Heater on Al-2 Shelf: 44.1

Equivalent : 18

TBDMSI I deg. C

II The  AMSU-Al “survival” heaters are not used for METOP. The survival temperatures are guaranteed

hy usmg  the AMSU-Al “safety” heaters.

2.3.4.6. Thermal Interface Models

II
.

A rcduccd  model  is required for AMSU-Al for the system thermal analysis, as specified in AD3.

SC’L’ AD6 and AD7.



. : ._
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23.44. Instrument Temperature Measurement

For the thermal control provided by the spacecraft of the h@ument  during AMSU-Al Off Mode, two

thermostars  are mounted inside the AMSU-Al itself. * .

Location : Receiver shelves Al-l ad Al-2

lhe set temperatws  for the intemally mounted survival and safety  hkter  the&Wats  are :., .-

- closedat -18.0 f 4.5 deg.  C
L

- Openat -1.0 i 4.5 deg. c
l

23.45. Heater Definition

The following heaters are implemented on the AMSU-Al :

Location I Nlllllber .I Total Resistance

(not2+kg.cJfS%

Suvival  Heaters 1conneaOr Heater on Al-l Shelf : 30.4.

for 2 parallel Heater on Al-2 Shelf : 44.1

Equivalent : 18

Safety Heatexs lC0lNXXtOT
for 2 parallel

Heater  on Al-l Shelf : 30.4.
Heater on Al-2 Shelf: 44.1

Equivalent : 18

TBDml /deg. C

TBD,ws,  /deg. C

The AMSU-Al “survival” heaters are not used far   temperatures are guaranteed

by using the AMSU-Al “safety” heaters.

23.4.6. Thed Interface  Mode&

A model  is required for AMSU-AI for the system themxd  analysis, as specified in AD3.

SecAlxandAD7.
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2.4. INSTRUMENT AND DISTURBANCE INTERFACES

Dynamic Imbalances

.Iftheproductsofinertiaoftherotatingassemblywithrespecttotberotationaxis.arenonzero,the

rotation along this rotation axis genxates  torques along the axis Iyxmal  to the rotation axis. Assuming

thattherotationaxisis.theXaxis,thedynamicimbalancesare~crcrssproductsofiaertiaIxzandIxy

(unit : kg.mq.

2.4.1. Instrument Induced Disturbaoces  and Shocks

2.4.1.1. Non-Recurring Transient Events

None.

. .:’



2.4.1.2. Continuous / Recurring Transient Events

Scanning  Step Motors (Two)

Rotation about +Yaxis

scaIlpaiod 8sec.

Total moment of inertia of the rotating item

compe~on
Maximum  uncompekted  kine$ic  momentum

Maximum  residual force at the instr.  interface
without the effects of staticimbalan~ .

Maximum residual toque
without the effects of dynamic imbalances

Residual torque vs. time Measurement : see Figure 2.4.1/l (Y axis)

Residual  torque numaic  dewiption  * To be supplied by AMSU-Al

Residual torque spearal decomposition  (Y axis)

mgures  2.4.1/2  and 2.4.m)

Static  imbalances (see de&&ion  0 2.4.)

I)ynamic  imbalances (see definition 5 2.4.)

TBDMI  g.mzabout  the rotational axis

None . .

0.006NmsontheXaxis
0.055 Nms on the Y axis’
0.006NmscmtbeZaxis

D.OlNonaUthreeaxis

D.OOOlNmontheXaxis  -

1.79Nmh4axontbeYaxis
D.OOOlNmontheZaxis

1.4
2.8
4.8
8.0
9.9

15.1 0.22 _
. .19.8 0.22

25.0 0.28
30.2 0.28
34.9 0.28

39.6
44.8
50.0
54.7

c lob kg.m TBCMI

Amplituak  (Nm)

0.07
0.08
0.10
0.08
0.19

0.24
0.15
0.11

. 0.05

I . This description (effective residual torque for each axis, including transitories.  noise... and representative
from  0 to 150 Hz.) shall be provided on a numeric rape with a sampling frequency  greatex.  than  1000 Hz
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2.4.1.3. Flexible Modes

lhe AMSU-Al does not have flexible mode on the X, Y. 2

2.4.1.4. Induced High Frequency Disturbances

As illustrated in Q 2.4.1.2,  the AMSU-A1  indu

[10,70]  Hz.

OntbeYaxisintkriinge  I

._ .. .

above 102 N (face) and 1Q2 hh

.. .
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2.4.1.3. Flexible Modes

The AMSU-Al does not have flexible mode on the X, Y, Z axes, in the range [0 , lo] Hz.

’2.4.1.4. Induced High Frequency Disturbances (Micro-Vibrations)

As illustrated in 8 2.4.1.2, the AMSU-Al  induces disturbances on the Y axis in the range [lo, 701 Hz.

On the X, Z axes. the AMSU-Al does not induce ~sturban& above 1k2 N (force)  and 10z N&

(torque) abole  10 Hz.
- _, .

‘,
,

4

_’



, _. .
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Figure 2.4.lNa  : AMSU-AI  Uncompensaed Torque profuc (biea.wrement)

Get&l  Overview
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Figure 2.4.1lIb  : AMStJ-AI  Uncompnxated  Twqvc Rv$Zik (hfqsurement)

0.1 - 1.7 sec.
1 IAm  I21cd dccl
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Figure, 2.4.1/l  c : AMSU-AI  Uncompensated Torque Refile  (&aswemenz)

1.8 - 3.3 sec.
I ‘\_. . . ‘1.1
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Figure 2.4.Illd  : AMSU-AI  Uncompensated Tkuque  Rv@e (bfeasumment)

3.3 - 4.9 sec.
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Figure 2.4.1/h  : AMSU-AI  Vncompensated  Torque RojUk (Measureme&)

4.9 - 44 sec. .
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Fiwe 2.4.IlIf:  AMSU-AI Uncompensated Torque RojUe (bhmrement)

64 - 8.0 sec.
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J
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Frequency (Hz)

I I
Figure 2.4-l/3  : S’ctral  Decomposition of the AMSU-AI LUurbance

(For information only, see 0 2.4.1.2. for values)
1 IAml21cddrr~



2.4.2. Compatibility With Satellite Dynamic Environment

2.4.2.1. General Mission Environment

The  mu-Al,  in any operation mode,  will be exposed to the following in-orbit clynamk  environment

(frequency range : 0 - 10 Hz) :
. . _

Linear  gceleration  on X, Y, 2 axes at h4ETOP  s@ellite  centre of mass * - ‘O.O2xp/s’

Angular  rate  &out  X, Y, 2 axes 7&g/s
4

Angular acceleration about X, Y, Z axes 05&g/3
I
*:WithrespecttotheMETOPsatellitecentreofmass,theAMSU-Alrefereace~(seeO2.1.4.l)is

locatedat:

- 3.4

G.qLGwj = - 0 5  (mats) mGaEd .
- 0.8

2.422. Environnient  During Satellite Deployment Sequence

Theinstrument,inanyoperationmodc,willbeexposedtotbefollowingin-orbitlinearandangular
acderahon  levels at the lnstnunent interface reference point :

Amplitude
X

Ll Y =

Z

1
X

Y =
Z

0  10ms

0.3 m/G

1.0 m/s’

1 .o m/s2

0.025 m/s’

0. loo m/s2

0. loo m/s’

iU- Linear  Accehztion  AnydiMe  Versus 7Sme
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1.3 de@

13 deg./s*

Ll _ IZ ,1.3 ieg.ls*
I X

Ll Y =

hhimum Ang&r Accekation  Amp&& Vmus l%me

2.433. hlicro-Vibration E n v i r o n m e n t  .

AMSU-Al will be exposed to in-mbit TB& disturbances with a frequency greater  than 10 Hz.
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3. COMMAND AND CONTROL, MEASUREMENT DATA,

ELECTRICAL, EMC AND RFC INTERFACE DESCRIPTION
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3.1. ELECTRICAL INTEXFACE  OVERVIEW

The avionics interface be$weu~  the METOP Payload Module (PLM)  and the AMSU-Al instrumest  is

mainly halxkd  via the Power conditioning  unit (PCU),  tht TIKrmal  coptrol  unit (xv) and the
NOAA Interface Unit (NIU).

I , Fi@re3..1-1  givesanoverviewon~el~calinterfacesbetwcen’tfrePLMandtbcAMSU-Al. .

FQadaptationofthesingleendedinserfacespf~AMSU-Al,a~groundingcaacepiisdesaibed
inO3.8@MC). _-

‘Ihecommandaudhwselreepingbudgetfortbe instnunentasfollows: ’
- 4pulsediscre&commands

- 10leveldisuetecomma&

- 11 digital B telemetry paramekr~, each i bit ’

- 27 analog telemetry panwten,eachtobeconvertedto8bitswithinNIU.

Hubr  Powrr Bur c

NIU

4 , Puba  Dbtrrtr Commando

lo1 LOW Dbenta  Commrndr

0 DIgItal E Tokmrtry , 11
\ ’

0
Analog  Tokmrtry a21

\

fomprmtunr (TLM  hIa) 4
\

1.246 MHz  Clock
e

16.64 kHz  Clock
w

l
Dlgltal  A Data Output

AMSU-Al

Fig. 3.1-I : PLM to AMSU-AI  Elect&al  Interjbce  O&view
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3.2. COMMAND AND CONTROL FUNCTIONAL DE!XXIPTION

. Thissectiondescli~thecommand andcontrolconce@fortheAMSU-Al  instrument.

13ommandaodcontrol‘comprisestheactivitiesresp.datanowsforcommandingoftheinstrumentas

well as for the aquisition  of instrument housekeeping data

Additionauy,theinstnlmentprovides  aninterfaceof ~~datakhichi~desuibedin~  3.3.

-Thesetw~datasetsare~sepatatelyin~theMEToPsateIlitt.  . - .:

commandingoftheinsmuneatandacquisitionofinstrumenthousekeepingtelemeQyisperfonnedunder

the control of the Payload Module Controller (PMC). Comma& aredishibut&lfromtbePMCviathe

PLM OBDH Bus to the NOM Intezface  Unit (NIU) which rraoslates  or converts  the functional  and

electricalimafacestoNOM~.ViceversahouseLeepingdataareacquiredbytheNIUfrom
. the insuument and are transmitted to the ground

Tlnredatasetsaremadeavailablebytheinstrument:

- DigitalAdata

- DigitalBdata

-Analogdata  .

DigitZilAdataaK!iIlthtZabovtWlSe ‘measurementdata’andarehandkdbyNlU.Theyarenarouted
via the PLM OBDH Bus to the PMC and not used for housekeeping  by the satellite.

DigitalBaodanalogdaularehousekeepiagdataandonlytheDigitalBdataare~~~bytheNTU.  I’.:

BotharereportedtothegroundviaS-bandtelemetry.

3 3 . 1 .  Protocoi

Na applicable for +U-Al.

3.2 .2 .  Tekxmma&

Telccommands  to the insuument shall be provided by the NIU.

lk mfrumum  time between two consecutive commands is 18 sec.  unless otherwise  specified.

The  insmunem  shall be ammamkd by Pulse Discrete Comhandd and by Level Discrete Commands?.

1 P&c Discrete Commnnd  Dejinition

’The pulse disue!te annmand is namally used to change the state of a latching  relay in the instrument. An
ON or TRUE condition is issued in the  fom of a pulse to the  insuument over a single line.

2. Level Discrete Command Definition

The level discrete command presents a ON or TRUE (resp. OFF or FALSE)  condition to the instrument

full time, until the  same command is given to change  the state to OFF or FALSE (resp. OFF or FALSE). -
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Any pulse ON condition may last for considerable time in case of a spacecraft  anomaly. The  hhuwnt

shall not be damaged by such an occurrence.

The  METOP satellite will provide capabilities for pre-m of the AMSU-Al of up to 36 .

hours.Theinstrumentshalloopewiththispre-programmingpaiod,andmt~rcquireanyintermediate  ’

command  and control process. . .. . - . .-

The  commands  to operate the instrument shall be as listed in Table 3.2.2-  1.

Note : ‘Ihe  operational modes and sequences of commanding are defined in 38.4 and 1.5.

333.1. Teleconunand  De&&ion

The satellite shall provide  to the hshwx~~  all commhds  tich are listed in Table 3.2.2-l. AMSU-Al
utilizes 4 Pulse Discrete and 10 Level Discrete  commands.

Telecommand.

1  ModulePowerDisconnect

2 Module Pow& Connect

3 Survival Heater Power OFF

4 Survival Heater  Power ON
Pulse

P u l s e  NotusedonMETOP

’ ’ 1 5 IModule  Totally OFF I Level I

6 Scanna Al-l Power (ON/OFF) Level
7 Scanner Al -2 Power  (ON/OFF) Level
8  wamlcal. Level

1 9 kold Cal.

1 1 0  /Nadir

1 11 ~Ful1Sca.n

I.. I Level I
I Level  I

I Level I
I t

I I

I 12 PhaseLockLoopSelect Level
13 Cold Cal. Position MSB Level
14 Cold Cal. Position LSB Level

Table 3.2.2-l: T&command DejZnition

The reset state of all  level  axnma& shall be “FALSE”. For ehxtrical  characteristics, see 0 3.5.2.‘1.
(code CCL).

. :’



urnAu&RconlsMcE
Ref. : MO-IC-MMT-Al -0001

MU-Al 2 ; 2w,F-& ’

Page : 3.4

3333. Telemmmand  Functional Description

1. Module Power Disconnect

F9llsediscmecommaxKl.
~commandconsists~anegativeactivepulseusedtoswitchtbe”OFF’posittioaofthelatching

relay which amtrois the 28 VDC regulated and 28 VDC pu&d.power.  It~immediately removes ill 28 ’

VDCexcitgionfromtheinstrumentTBeantPlurapoaitionis~. gateofpoweramtiolrelays

unchang~

2. Module Power Connect
4

Pulseclisaaecommand.

. This  wmmand  wnsists  in a negative active pulse used to switch the “Ow position of-the latching relay

WhiChCOlltXOlSthe28VDCttglhtdand28VDCpUl~poWer.

3. Survival Heater Power OFF

-I Pulsediscretewmmand

lliis  command  amsiixs in a negative going pulse used to switch the “OFF’ coil.of  the latching relay

which controls the swival  heaters.

4. Survival  Heater Power ON
.

This  wmmand  wnsists  in a negative active pulse used to switch the “Ow position of the latching relay.

which mads the survival heaters. F
\

This mmmand  is not used on METOP  : the survival tempamres  for AMSU-Al are guaranteed using :

the AMSU-AI provided “safety” heaters and not the “survival” heaters.

3. Module Totally OFF ,’

Level dlscreu  commafxl.

I
In tk OFF / FALSE state, this level discrete comrnawi  positions both antennas to the Warm Calibration

pc!6itioRtumsbothscanner Al-l and Al-2 motor power  to OFF, axxl removes power to both the 28
VDCV &wkG4rc -+Ub.

To allow the operations of the instrument, this command shall in ihe NOT OFF / TRUE state.

Note : If the Module Power Disconnect command is commanded and then the Module Totally OFF

command is commanded to the OFF state, then the Module Totally OFF command will be

ignorfxl.
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6. Scanner Al-l Power (ON/OFF)

,
Level discrete commamI.
Commandsthecontrolofpow~toScannerAl-1.

In the OFF state, turns off the Al-l scanner.

Note:thecqnmand Stunner  AZ-1 Power mshall be preceded by .I+ W- Calib+ion  On + '
to park t& scanner in the Wm Calibration positionbefore  power off. - .

:

i

7. Scanner Al-2 Power (ON/OFF) 4

Level discrete command.
Commands the control of power to Scanner Al-2.

. IntheOFFstate,tumsofftheA1-2scanner..
Note : the command Scanner AI-2 Peer &shall be preceded by the Warm Calibration On ammaui,
to park the scanner in the Warm Calibration position before power  off.

8. warm CaI.

Level discrete command

?he ON state cmmands  the reflectors to move to the Warm Calibration position  and stop there.

TheOlTstatehasnoactionontlxinstmmenL

9. Cold  CaI.

Level discrete ammauI.

The ON state commands the reflectors to move to the Cold @libration  position selected by the Cold

Calibration Position Select ammu&  (#13  and 14). and stop there.

The OFF state has no action on the instrument.

10. Nlldir

Imel dlsueu CoLMlalKi.

Tlle0Nslatecomma& the reflectors to move to the Nadir position (scene station 15, which is not a

tmenadir)andstopthere.

The  OFF state has no action on the insuument.
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. Level disxetecommand.

_ Note :

I ‘12.

‘lheprio&yinwhichtheahve8,9,1Oand11commandsare~~~in~all(orpart)  ._

lines are set to ache state, is (highest to lowest) : Full Scan Mode, Warm Cal Mode, Cold
Cal Mode and Nadir Mode. 4

PhasehckLoopsekct

Level discrete  mmmand.

In the ON state,  turns the PLLO #l power on

IntheOFFstate,tumsthePLLO#2poweron.
Note : Only one PLLO  can be on at a given time.

13. Select  Cold Cal Position MSB ami
14. select  Cold Cal Position  LSB

Level discn% commands used to select the cold calibration position according  to the !bllowing  :

MSB LSB position
Number

0 0 Position 1
0 1 Positiol12f 8.333 deg. C

.l 0 ‘Position 3 9.999 deg.

1 1 Position 4 13.332 dee.
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333. Housekeeping Telemetry

c

This section ciescri~  the AMSU-Al Digital B ad Analog Telemetry.
.

333.1.
.

General Require!me!nb

TheMUshallonly~etbe~-~~digital-BudanalogHKdataatanytimwheathe
-..

.inshument  is in Measurement Mode  cx Unique M&k. I ,

‘IheNllJwil~readoutthefOnowinghouselreepingtelcmebyformats~tbe~e~:
:

- Analog HK 4

- Digital HK~Digital  B”).

’The NIU will sample both  analog and digital B wing telemetry~  with peaiods  of :

- 16 secords  nominally

- upto  1/8sforanyselectedparame$eronreqest.
. . .

Analogdatashallbeacquiredand~v~witMntheNIUto8bitdigitalinformationwitha5.12V
full scale resolution (LSB = 20 mv).

3.23.2. Digital B Telemetry . .

The  instrument shall provide the Digital B telemetry as listed in Table 3.2.3-l.

. . P 3.2.2.
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Nr. Telemetry Point Name state
Logic “1” Logic “0”

(Law Voltage) (High Voltage)

1 Scam= Al-l Power ON/OFF * ON OFF
2 Scamez  Al-2 Power ON/OFF * ON . : -OFF .

3  PhaseLockLoop PLLOdl PLLOK? ;

4 Both Antennas in Warm Cal. Pation Y E S NO

5 Both he& in Cold Cal. Pobition N O
6  Antemai.nNadirPosition NO ’
7  FullsCan NO
8 Survival Heater ON/OFF * ON OFF
9 Module Power * connect Disconxlecc
10 Cold Cal. Position MSB
11 Cold Cal. Position LSB SeeNote

s.

Note 1:

Note2:

Must correctly  indicate power  status with instmment  power OFF

States  of Digital B # 10 and  11 according to commands 13 and  14 (5 3.222.).

If telemay  points 4.5.6  & 7 all indicate Logic “Cl”, the instrument antenna is in Warm Cal.

bsitionandtheinshumentdoesnMgeneratedata

Table  3.2.3-l : AMSU-AI  Dig&l B T&n&y

1 [AM I ZalCD.dcc]

c.
\
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3.2.3.3. Analog  Telemetry

The  AMSU-Al provides analog telerm!try  chant&  as listed in Table 3.2.3-2 to monitor on grouml the

health of the Mrument  It shall be considered that telexwtry  of analog voltage and ,pumnt  (analog

telw) will be valid by 8.0s after switchingon  of hnwummt  telemetry, i.e. after MCNXJLE
pOwERCO~.commandhasbeensentto~AMSU-Al.  . . . , .-. ._

Thetemperahlretel~paints(first6~log.~~points)~beav~~le~the.analog

telemetry power bus is applied to the instrumenL
_’

Typical valid data ranges and values are shown in Table  3.2.3-2.

Ihe telemetry points shall be de&red  as following :

rl

1. ) AI -1 Scanner Motor Temperature

Thistelemebypointmeasurestbeou~utofthethecmistorlocatedontheAl-1 !xanrH motor. It

is powered by +28 V Switched Telemetry Bus.

2.) Al-2 Scanner M&r Temperature

ThistelemetrypaiotmeasurcstheoutputofthethermistorlocatedontheA1-2scaMer mot%  It

is powered by +28 V Switched Telemetry Bus.

3.1 RF Shelf Al -I Temperature

-nlistel~point measurestheoutputofthethermistorlocatedaatheAl-lRFshelf.Itis

powered  by +28 V Switched Telemetry Bus.

4.) RF She&AI-2 Temperatiue

ThistehxneQpaintmasures theoutpltof~thamistorlocatedonttreA1_2RF~.Itis

powered by +28 V Switched Telemetty  Bus.
.

5.) Warm Load AI-1  Temperature

‘Ihistel~pointmeasurestheoutputofthethermistorlocatedontheAl-1  warmload. Itis

powered by +28 V Switched Telemetry Bus.

6.) Warm lhadAI-2 Temperature

Ihs tdemeuy  point measures the output  of the thermistor located on the Al-2 warm load It is

powered by +28 V Switched Telemetry Bus.

7.) Antenna Al -1 Drive Motor Cunent (Average)

Ihis  telemeny  point measures the average current flow in the Al-l drive motor.

8. ) Antenna Al-2 Drive Motor Current (Average)

‘Ihis  telemetry point measures the average cunent  flow in the Al-2 drive motor.
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9.) + IS VZX (Signal Processing)

Thistel~point measurestheDCvoltage(directlypropationalto+I5V)ofthesecoodary

power at the o u t p u t  o f  the * ~‘dD#Dcconver&,thatfeadstksignalprocessing

ektronics.

IO.) +I5 tic (Antenna  Drive)
. -_

_

Tiiisteiemeaypoint measuresttieDcvoltage(diredlyproportionalto+15v)ofthesecondary

power at the output of the insfxument  DCYDC converter,  that feeds the m drive electronics.

12.)  -IS VDC (Antenna Drive)

electronics.

This voltage  is indcpenderp.

DC/DC amvatrr.

+ 5 VDC (Signal Processing)

and isolated from all other secodry  powers at the output.of  the

This tdemetry  point  measures  the DC voltage (directly proportional  to +5 V) of the secondary

power at the output of the instrument DCYLZ  converter, that feds the signal processing

CleCU0fl.i~.

This voltage is independent and isolated from all other secodry powers at the output of the

DUJX convener.

1 IAM I ?rlCD.docl
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15.)  +5 VDC (Antenna Drive)

ThistelemebypointmeasurestheDcvoltage(directlyproportiooalto+5v)0fthesecondary
p0weratthe0utput0ftheinstnrmentDc/Dcconverta,thatfeedstheantenaa~veelecttonics.

This voltage is in&pu&w and isolated from all other  wc0du-y  powers at the output Of the

DCYJX conv*. ,-

16.) + 10 VDC RCVR Miazr/IFAmplijier _

lIjs tele point measures *DC voltage (directly  propdonal  to +lO V) of the wxmdr&

powerattheoutputoftheinstrumeatDc/Dccanverter,thatfeedsthereceivamixer/IF
4

amplifier electrouics.
This voltage is iadependent  axi isolated from all 0th secodry  powers at the output  of the

JXYDC corlv~.

17.)  +15VDCPhaseLockL+oopCh9/14

This telemerry  point measures  the DC voltage (directly ppcxtional  to +15 V) of the secou&ry
power at the output of the - DC/DC  axw~, that feeds the phase kxk loop (ch.  9114)

elecmmics.

This voltage is iadependem  ad isolated from all other sec0&ry powers at the output  of the

DCJDC  conlerter.

18.) _ 15 VDC Phase Luck Loop Ch 9/14

lliSti~pOiIltt thei DC voltage (directly prcptional to -15 V) of the secondary

powerattheoutputofttreinsrnunentDcnx:canverter.thatfeedsthephaselockloop(ch9/14)

e.lectronics. .

This  voltage is idepxbt and isolated from all other seu&ary  powers at the output  of the

DC/LX converter.

.

19.) +lO VDCW Voltage 50.3 GHz Ch 3 .

This telerneny  point  measures  the DC voltage (directly prop0rtional  to +lO v) of the sec0ndax-y *

power  at the output  of the insBumS DC/DC converta,  that drives the local oscillator for .

channel 3.

This voltage is independent  and isolated from all other  secondary powers at the output of the

DC/DC convuter.

20.) + 10 VDC W Voltage 52.8 GHz Ch 4

This  telemetry  jmint.measures  the DC voltage (directly proportional to +lO V) of the secondary

power  at the output of the instrument DC/DC converter, that drives the local oscillator for

channel 4.

This voltage is independent and isolated from all other secondary powers at the output of the
DUDC converter.
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21.) +ZO VLX L.0 Voltage 53.596 GHz Ch 5

Thistel~pdnt measures  the DC vdtage (directly propmtional  to +lO V) Of the secondafy

powaattheoutputofthe~Dc/Dccoavener,thatdrivesthelocalosdllatorfa  *

channel 5.

This voltage is independent  and isolated from all other  secondary  powers at the Output of the

DUDC converter.

23.) +I0 VLX L0 Voltage 54.94 GHz Ch 7

Thistel~poimmeasurestheDcvdltage(~~proportionalto+1Ov)ofthesecondary

power at the output of the ills- DC/DC  axw~, that dliws  the local (hscillw far

channel  7.

24.) +I0 VDC Lb Voltage 55.5 GHz Ch 8

ThistfTlemetrypoint- the DC vdtage (directly prqxxtioual  to +lO V) of the wcondaq

power at the output of the instnunaa  DC/DC  converter, that ctrives  the local oscillator  for
channel  8.

Thisvdtageisiadepeodentaodisolatedfrom~othersecondarypowasattheautpytofthe~

DUDC converter.
*

25.) PLL.0 #I (Primary) Luck Detect

This u&zme&y  point provides hvo discrei&  levels accor&ng  to the status of the PLLO #I (see

Table 3.2.3-2).

26. ! PLL.0 #2 (Redundant) LuckDetect

This telemerry point  provide!s  two discme! levebls  according to the status of the PLLO #2 (see

Table 3.2.3-2).

27.) +I5 VDC u) Voltage 89.0 GHz Ch I5

This telemetry point measures the DC voltage (directly pqbtional  to +I5 V) of the seconhry

power at the output of the insuunxmt  DUDC converter,, that drives the local oscillator for
channel 15.

This voltage is irx@xdent  and isolated from all  other  seconciary  @wers  at the output of the
DUDC  converter.
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The analog telemetry shall have the performance as defined in Table 3.2.3-2. The transfer function

between physical range and voltage range is part of the deliverables / as-built data.

25 PLLO #I Lock Detect Unlocked : O...l  V 2  d i s c r e t e
~GJ4s1

26 PLLO #2 Lock Detect Locked : 4...5 V levels
TBCAMS,

37 + 15 VDC LO 89.0 GHz  Ch 15 14.0 to 16.0 v
F&W  : for #v to #24 and #27 (resp. #7 and #8). when not ati,ve, the telemetry points indicate 0 V
vollage  (resp.  0 mA current).

Table 3.2.3-2 : Analog  Telemetry
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Th2analogtelemetryshalIhavetheperformance as defined in Table 3.2.3-2.  

between physical range and voltage range is part of the deliverables / a s - b u i l t  d a t a . P

8 (AntennaAl-2JkiveMotorCumnt .I 5ot.cj107mA  /I
(Average)

9 + 15 VDC (Signal processing) 14.0 to 16@’

10 + 15 VDC(AntennaDrive) 13.5 to $5 v

11 - 15 VDC (Signal FWcessing) -16.0 to 14.0 V

12 - 15VDC(Anmnahive) -165p6 -13.5 V

Table 3.2.3-2 : Analog Teleme~
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Following are the Analog Telemetry status as fdction  of the  different teleco

: Point 22 = O..lV ; Paint 26 = 4.SV

1 - : +-a v swmneu  -laemeay

Analog  Telemeby  vs. Co-
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Following are the Analog Telemetry status as function of the different telecommands  :
r

1Nr. Command Analog Telemetry Status Timing

1 Module Power Disconnect # 1 - 6 active (temperatures) *

2 Module Power Connect All analog T’LM  active After8a

~Survival  Heater Power OFF ~No change

ISurvival  Heater Power ON 'No change (not ,used on f&TOP)
: -

._ ,
~Module  Totally OFF # I- 6 active (temperatures) *

Scanner Al- 1 Power (ON/OFF) # 7 (drive current) changes, all others no change

Scanner Al -2 Power (ON/OFF) # 8 (drive current) changes, all others no change

warm  Cal. All analog TLM  active (No change)

Cold Cal. All analog TLM  active (No change)

Nadir All analog TLM  active (No change)

. 11 (Full Scan 1 All analog TLM  active (No change) I

12 Phase Lock Loop Select PLLO  #l selected : Point 2.5 = 4..5  V TBCmsr After8s
Point 26 = 0.. 1 V TBC~lvlsr

PLLO  #2 selected : Point 25 = O..l V TBCAMSI
Point 26 = 4.5 V TBCmsI

all others no change

13 Cold Cal. Positidn MSB All analog TLM  active (No Change)

14 Cold Cal. Position LSB All analog TLM  active (No Change)
l : +38  V Switched Telemetry Bus powered.

Table 3.2.3-3 : Instrument AMbg Telemetry vs. Common&

.
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32.4. Tekmmmand  Verification

Nocheckshallbeperfonnedbythespacecrafttovaifywfretherthecommandis~~withthe

. activeinstrumentmode. . *

The execution of each .- shall be veified  by the spacecraft. The htexrehtionship  between

command@andtheverificationofa command  in the Digital B teleme&  is defuxi  in Table 3.2.4-l.

Thecolumn7wing”specifiestbe  * ‘&edelaybeween.thearxivalofa ~inthe“.._.

instnunent  apd change of the corresponding Digital B parameter.

The parametfx value aquired apart from the rahe HK cycle will be discar@ed  after verification and

not transmitted to ground Execution failure will be report4 in the history area.

.IncaseofacommandexecutionanxbytheAMSU-Al,thePLMNIUshallrepartthisenmtothe
ground and no autonow axrective  act&,  in&& AMSU-Al switch-off, shall be perfanned by the

spacecraft.

. .

Antenna in Warm Cal. Position

‘Logic 1 or Logic 0”

Table 3.2.4-l: Telecommand  Vera~ation
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335. METOP  Sped& Thermal  Control EIectriad  Intedces

FortheTIROSapp~~~~thesurvival~areoperatedonthesamebuSaS~~~(pulse~

Bus) and are activated by telezomuwd fromthe+xcrafteit&rasaresultofdirect~~by  -

thegroundoraspartofthepowerdownsequence.

tl

‘I
- I

I IAM I hICD.doc]
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3.2.6. Sateuite  Services / sylxhronization

Note: SatelliteServicesaredefinedasallCammandaadCoatroltasbwfiichwillbeperfarmed,bythe

PLM or the SVM to support inshument  operations.

Note : the synchronization of rnd dataread4JutisdefinedirlQ  3.3.2

1.248 MHZ
Clock

. T = 111.248 MHz = 0.80128 pseconds

. Td85T

Figure 3.2.6-I * lbne Comhdion  Between Synchronization Signak and 1.248 MHz Clock.
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3.3. MEASUREMENT DATA TRANSFER FUNCTIONAL DESCRIPTION

33.1. General - Data Rate

Data acquisition on METOP  is perfarmed  by the NIU synchnmous totbe8s.&ncpuIseamitheNIU

internal 0.1 s. Sync cycle as depicted  in Figure 3.3.2-la.

In Measuremtxu  Mode (full scan). the AMSU-41 generates  1240 bytes of measurement dataperscan
.

(i.e. during 8 sec.).

In Unique Mode (waqn  calibration,  cold calibration, nadir position), the AMSU-Al generates  1120
bytes of measurement data per scan ‘(i.e. during 8 ,m.).

The~oP~lpmentntinnwillmtdistinguishbecweenthesemodes.Everylooms,theNIuacquires
13 16-bit  words from the AMSU-Al. Hence an apparent raw data rate of 2.080 kbps.

Nae:Ihesedataarenotpac&Wzdwithintheinsuument.

33.2. M-t Data  Acquisition

The  measurement data shall be acqired  via the digi& A Data interface.

The interface shall consist of the :

- Dafa Enable pulse line

- Data Clock line

- Digital A Data line.

The AMSU Al serial

the data  enable pulse is presented to the insuument.

Both clock and enable pulse shall be delivered by the NIU.

The words shall be separated by a gap in the data enable pulse.

The occurrence of the 8 second synchronisation  pulse will start the internal instrument cycle.

The data acquisition shall be as detailed in Figures 3.3.2-la  and 3.3.2-lb.
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The  METOP  satellite will  not detect AMSU-Al Digital A Data sync. sequences (3 bytes of m HEX)
~36 identify and remove the fill words that are Wermingled  with the valid data, but transmit data t0

ground only  as received from AMSU-Al. Synchronization and removal of fill words has t0 be

-peafomed during data processing  on-ground,

T~u-Al~thestartofulefirstdata~lepulserelati~~~thestartofthe8secondcycle,~~.  ’

thestartof$eO.l  secmd(NIUintemal)cycle.  ~ ... 1.

Thu_,,l shall be (2 * 16 * T1664~;+  2‘ * T,- /5). Tlati  is the time  peri& of the 16.64 kHz clock

V-T).

Note : Tdmsu-A: is approximately 1.923 ms f 104.
q

During the (continuous) data acquisition, the data enable pulse shall repeat every TSAMSU_AI.  TSAIJ~SU  -AI-__-_
shaube16*T1&&.

‘I&e  : %~AI is approximately 9615 ps f l(r.

The1.248MHzClockandthe16.64lrHzisderived~omaEreerunningoscillatorintheNIU.The8s.

Sync pulse is derived in the NlU from the OBDH Bus Broadcast Pulse ‘Iht OBDH Bus Broadcast

PulseisgeneratedbytheoscillatorintheCCUontbeServiceModule.Theleadingedgeofthesepulses

will be phase correlated to the 1.248 MHz Clock-

Earhofthesetwoosdllatushasitsown~~settingfailure,tempaaturedriftandageing.Thiswill

result in a tolerant  of the number of clocks per sync. pulse period  as depicted in Table 3.3.2.-l. The
specifledtolerances  are&e maximum tolerances during mission lifetime and over nominal temper-e-
range amditions. .

sync 0.1s Sync.8sec
cc

No. of 1.248 MHz cycles ,124800  f 150 ‘) 9.984 l 106* 1199 1

No. of 16.64 kHz cycles 1664f2’) 133120 f 16

l ) Tolerance figure for last (1OW  0.1 s period of a 1 s cycle only. For the 9 Fmt cycles the tolerance .
figure  is f 0. The tolerance range does not affect h4ETOP  specified data transfer.

Tablt 3.3.2.-l : Sync. P&d Tolcmnces  in Nwnbws  of 1.248 MHz and 16.64 kHz Cycles
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. .

(NW hlomrl)  -

: 13rclmpln 13 sullp*1 13rrmpln  , 13 trmplra
AIYSU  Al
Data Eaablr : . . .

i f ”  ’

L. . . . . .

ii-
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. .
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lnl dala  byte  of lirl  dala  bylr  01

CCSDS packet CCSDS prckrl
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:

Figure 3.3.2.la : AMSU AIR Measurement &Z&I  Acquisition  Sampling Timing
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333. Measurement (DQital  A) Data Fomut

: 333.1. Data Format in AMSU-Al Memuement  Mode,

I
In Measurm  Mode (full scan), the AMSU-Al geara@  1240 8-hit wa& of measuremeat  data per

scan, as illustrated in Table  3.3.3.l/1, with the following remarks :

-TheMSPistk&stsignificantpatianofa’particular  .rrmxwkqtietheLSPistbeleast.  .  .  ._ ..

significant porlion  of the parliallar  measurement .

while the “second” set of readings  is made approximately $4 way throughthe’Legration  period.

,- AMSU-Al includes in the  Digital A data flow the xcasary Iunbe!rof”~wards”tocopewithtbe

data acquisition rate by the NTU (see P 3.3.1). ’

- The!formatofReflectorPositiondatais DDDDDDDDDDDDDDEO

D=Data

E=l&urbit,O=notinspec.  l=spec

o=axo

-ThefonnatofRadiometerdata(sceac~d~coldcalibrationl&%temperaturesensarandwarm

I
calibration 1 & 2) is : DDDDDDDDDDDDDDDO

D=Data

o=zau

IfAIDlatchupflagthenformatat~radiomctaaadtemperature~data

- The Teqxxature  Sensar Refezexe  Voltage (Byte 1179 & 118O’far Measurement Mode) is utilized
for tempexamre sensors 3ti5 only

3332. Data Format in AMSU-Al Unique Mode (Warm Calibration)

In Unique Mode (Warm Calibration), the AMSU-Al gewrates  1120 8-bit  wcxds of measurw data

per scan. as illustrated in Table 3.3.3.2/l.  The same remarks as in 0 3.3.3.1 apply here.

3333. Data Format in AMSU-Al Unique Mode (Cold Calibration)

In Unique Mode (Cold Calibration), the AMSU-A1  generates 1120 8-bit words of measurement data

pa scan, as iilustrated  in Table 3.3.3.3/l.  The same remarks as in 4 3.3.3.1 apply here.

333.4. Data Format in AM!XJ-Al  Unique Mode (Nadir Poshion)

In Unique Mode (Nadir Position), the AMSU-Al generates 1120 8-bit words of measurement data per
scan, as illustrated in Table 3.3.3.41.  The same remarks as in 8 3.3.3.1 apply here.



UAlmA uAuowl SPACE AMSU-Al
Ref. : MO-IC-MMT-Al-0001
issue :2 Rev.: 0
Date :A@7’1998
Page’ : 3.22

AlFRAME PARAMETER

BYTE N”

1 - 3 Sync. Sequence (FF Hex)

4 Unit kientmation  and Serial Number See 0 3.3.3.5.

5 Digital Housekeq&g  Data 1 ‘see $3.3.3.5..

6’ Digital  Data 2Housekeeping see 4 3.3.35. .’

‘7 Digital Housekeeping Data 3 see 0 3.3.33.

8 Digital Housekeeping Data4 be Q 3.3.35.

9 Re&ctor 1, Position 1, MSP. Em reading

10 Reflectcx  1, Position 1, LSIf,  Fmt reading

11 RetIeax  2, Position 1, MSP, Fvst reading

12 Reflector  2, Position 1, LSP, Fvst reading

13 Reflector 1, position 1, MSP, second reading

14 Reflector 1, Position 1. LSP, Second reading

15 Reflectar  2, Position 1, MSP. SeuxKl  reading

16 Reflector 2, Position 1, LSP, Second reading

17 Scene Position 1, Channel 3, MSP

18 Same position  1, Channel 3, LSP.

19 Scene Position 1, Channel 4. MSP

20 Scene Position 1, Channd 4, LSP

. . . . . .

41 Scene Position 1, Channel 15, MSP

42 Scene Position 1. Channel 15, LSP

43 Reflector 1. Position 2, MSP. First  reading

44 Reflector 1, Position .2 LSP, First reading

45 Reflector 2, Position 2, MSP. First reading,

46 Reflector 2. Position 2, LSP. Fmt reading

47 Reflector 1 t Position  2, MSP, Second reading

48 Refkctor 1, Position 2, LSP,  Second reading

49 Reflector 2. Position 2. MSP, Second reading

. ..

-.
\

Table 3.3.3-W : AMSU-AI  Data Forma! - Mtw.wuement  (Full Scan) Mode (l/4)



AlFRAME PARAMETER

BYTE N”

50 Reflector 2, Position 2, LSP, Second reading

51 Scene Position 2, channel 3 MSP

52 !keneLPosition~Channel3LsP

. :. . . . . .

75 ‘. Scene Position 2, Channel 15, MSP :

76 Scene Position 2, Channel 15, LSP 4

77 Refltxtar  1, Position 3, MSP, Fmt reading

78 Reflextcx  1, Position 3. LSP, Fm reading

79 Reflector 2. Position 3 MSP; Fm reading

80 Reflector 2, Position 3 UP, Fmt reading

81 Refkctor 1, Position 3 MSP, Second reading

82 Reflector 1, Position 3 LSP, Second reading

83 Reflectcr 2, Position 3 MSP, Second reading

84 R&ktor  2 Position 3 UP, Second reading

85 Scene Position 3, Channel 3, MSP

86 Scene Position 3, Channel 3. LSP

. . . . . .

1027 Scene position 30, Channel 15. MSP

1028 Scene Position 30, Channel IS, LSP

1029 Reflector 1, Cold Cal. Position, MSP, Fmreading

1030 Rklector  1, Cold Cal. Position, LSP;  Frrst reading

1031 Rehxor 2, Cold Cal. Position, MSP, Fvst reading

1032 Reflecm 2, Cold Cal. Position, LSP, Fust reading

1033 Reflector 1, Cold Cal. Position, MSP. Second reading

1034 Reflector 1, Cold Cal. Position, LSP, Second reading

1035 Reflector 2, Cold Cal. Position., MSP, Second  reading

1036 Reflector 2, Cold Cal. Position, LSP. Second reading

1037 Cold Calibration 1. Channel 3. MSP

1038 Cold Calibration 1, Channel 3, LSP

Table 3.3.3.1/l : AMSU-AI  Data Format - Measurement (Full Scan) Mode (214)

,

. .:

.
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AlFRAME
BYTE No

PARAkETER

1039 Cold Calibration 1, Chaum94,  MSP

1040 Cold Calibration 1, Chamkel4. LSP

. . . . . . .> :
1061 Cold Calibration 1. Channel 15, MSP. .

.

1062 Cold Calibration 1, &me1 IS, LSP

1063 Cold Calibration 2, Channel 3, MSP 4
1064 Cold Calibration 2, Channel 3, LSP

1065 Cold Calibration 2, Chaanel4, MSP

1066 Cold Calibration 2, Channel 4, LSP

. . .

1087

1088

1089

1090

1091

1092

. . .

1177

1178

1179

1180

1181

1182

1183

1184

1185

1186

1187

1188

Cold Calibration 2, Chaunel  IS, MSP .

Cold Calibration 2, Channel 15. UP

Temp Sensor 1, MSP

Temp Sense 1, LSP

Temp Sensor 2, MSP

Temp Senscx  2, LSP

Temp Sensor 45, MSP

Temp Sensor  45, LSP

Temp Sensor Refexence  Voltage, MSP

Temp Sensor Reference  Voltage,  UP

Refleaor  1, Warm Cal. Position, MSP, First reading

Reflector 1. Warm Cal. P&ion, LSP. First reading

Reflector 2, Warm Cal. Position, MSP, First reading

Reflector 2, Warm Cal. P&ion, L.SP,  Fiixt reading

Reflector 1, Warm Cal. Position, MSP, Second reading

Reflector 1. Warm Cal. Position, LSP, Second reading

Reflector 2, Warm Cal. Position, MSP, Second reading

Reflector 2. Warm Cal. Position, LSP. Second reading

see 0 3.3.3.5.

‘.

.

.

.

Tabk 3.3.3.111  : AMSU-Al Datu Format- Measurement(FullScan)Mode(3/4)
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AlFRAME 1 PARAMETER

BYTE N”

1189 Warm Calibration 1. Channel 3, MSP

11’90 warm Calibration 1. Chaimel3,  LSP

. . . -.. . . : -

1213. warm Calibration 1, Cbannd 15, MSP _ _

Wm Cdibrati~n  1. channel 15, LAW1 2 1 4

1215 Warm Calibration 2; Channel 3, MSP q

1216 warm Calibration 2, Channel 3, LSP

. . .

1239 Warm calibration 2, Channel 15, MSP

1240 Warm Calibration 2, channel  15. LSP

Table 3.3.3.N : AMSU-AI l&&a  Format - Mea~~emcnl  (Full Scan) Mode (4/4)

.



Table 3.3.3.211:  AMSU-AI  Data Format  -Unique (Warm Calibration) Mode

AlFUME PARAMETER
BYTE N”

1-3 Sync. Sequence (FF Hex)

4 Unit Ide@ifcation  and Serial Number See 9 3.3.3.5.

5 Digital Hou&eqing  Data 1 ; see 0 3.3.3.5.

6 D i g i t a l  Howkeqhg D a t a  2 . . * 0 3.3.3.5.

7 Digital Housekeeping  Data 3 See p 3.3.3.5.

8 Digital Howekeeping  Data4 Sk 5 3.3.3.5.
9 Reflector 1, Warm Cal. Position, MSP, Fist  reading 4

10 Reflector 1, warm Cal. Position LSP, Fii reading

11 Reflector 2, Warm Cal. Position, MSP, First reading

12 . Reflextor  2, Warm Cal. Position, LSP, First re&ing

13 Reflector 1, warm Cal. Ibsition  MSP, Sea& reading

14 Reflector  1, Wacm  Cal. Position, LSP, Sew+ reading

15 Reflector 2, wakl Cal. position, MSP, Second reading

16 Reflector 2 warm  Cal. position,  LSP, Second reading

17 warm Cal. Position, Chamlel3.  MSP

18 warm Cal. Position. Channel 3, L$P

19 waxm Cal. Position. Channel 4, MSP

20 warm Cal. Position Channel 4. LSP

. . . . . .

41 Warm Cal. Position, -15, MSP

42 warm  Cal. position, Channel 15, LSP

. . . . . .

. . . . . .

1029 Temp sensor 1, MSP

1030 Temp Sensor 1. LSP

1031 Temp Sensor 2, MSP

1032 Temp Sensor 2, LSP
. . . . . .

1117 Temp Sensor 45, MSP

1118 Temp Sensor  45. LSP

1119 Temp Sensor Reference Voltage, MSP

1120 Temp Sensor Reference Voltage, LSP

See 5’ 3.3.3.5.

t 1A.M hICD.doc]



Ref. : MO-XC-MMT-Al -0001
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Al- PARAMETER
BYTE N”

l - 3 Sy=sequence(FFHex)

4 unit Identification and S&at  Number ’ ‘see 0 3.3.3.5.

5 Digital Hosekeeping  Data 1 see 0 3.3.3.5.

6 DigitalHowkeqiqData2
‘_: see 0 3.3.3.5.

7 Digital Howzke@q  Data 3
~ , , See 0 3.3.3.5.

8 ‘. Digital Housekefzpiq  Data4 Sqe 0 3.3.3.5.

9 Reflectar  1, Cold Cal. Position, MSP, First read@ 1
10 Reflector 1, Cold Cal. Pa&ion,  LSP, Fm read@

11 Reflectcc  2, Cold  Cal. Position, MSP, Fust read@

12 Reflectar  2, Cold CaL  Position, LSP, First  reading

13 Reflector 1, Cold Cal. F’ositibn,  Msp, second  read@

14 Refleztar1,ColdCaLPosition,LSP,Second+mninn

15 Reflector 2, Cold Cal. PwMmJvISP,  SaxW reading

16 Reflector 2, Cold Cal. Position, LSP, Sanrxi reading

17 Cold Cal. Po&ion,  C!hanW  3, MSP

18 Cold Cal. Position, channel  3, LSP

19 Cold Cal. position,  Chamxl4, MSP

20 Cold Cal. Position, Charmel  4, LSP

. . . . . .

41 Cold a. hSitiOIb,  ~~Iuu@. 15, w

42 Cold Cal. Position, channtl  15. LSP

. . . . . . .

. . . . . .

1029 Temp Sensor 1, MSP

1030 Temp Sensa 1, LSP,

1031 Temp Sensor 2, MSP

1032 Temp Senscx  2, LSP see 4 3.3.3.5.

. . . . . . .

1117 Temp Sensor 45, MSP

1118 Temp Sensor  45, LSP

1119 Temp Sensor Reference Voltage, MSP

1120 Temp Sensor Reference Voltage, LSP

Table 3.3.3.3/l : AMSU-AI  Da& Fonnat -Unique (Cold  CakWatkn)  Mode



Ref. : MO-IC-MM-I’-Al-0001
Issue :2 Rev.: 0

.

mu-Al

PARAMETER

1-3

4

5

Sync. Sequence (FF Hex)

Unit Idedkation  and Serial Number See 0 3.3.3.5.

Digital Housekeeping  Data  1 See 0 3.3.3.5.

6 IDiWllHomekee~ine Data 2 : ._ I See d 3.3.3.5.

7 . Digital Howekeeping  Data.3 . _ See-0  3.3.3.5.

8 Digital Housekeeping Data4 See Q 3.3.35.

9 Reflector 1. Position 15. MSP, Fm reading
10 Reflector 1. Position 15. LSP. Em readim 4

11 1 Re&ctoc  2. Position 15. MSP, Em read@ I

12 1 Re9lectar  2. Position 15. LSP, Fm xeading

13 I Fteflectar  1. Position 15. MSP. second readitw

I Reflector  1, Position 15, LSP,  second mdillg

I

14

15 I Reflector  2, Position 15, MSP, second  reading I_

16 I Refle!uor 2. Pmition  15. L.SP.  Second red&? I

17 1 Nadir Position, Cbaunel3.  MSP

18 1 Nadir Position. Channel 3. LSP I
I . I

19 1 Nadir Position, Channel 4, MSP I
20 1 Nadir Position, Channel 4, LSP

I

. . . . . . I
I I

41 1 Nadir Position, Charmel  15, MSP I
42

. . .

I

Nadir Positios  Channel 15, L.SP

. . .

Bytes9t.hrough42arerepeated29timesforatotalof3Odatasets

. . . . . .

1029 Temp Sensor 1. MSP

I030 Temp Senscl1. LSP

1031 Tcmo Sensor  2. MSP

1032 Temp Sensor 2, LSP see 0 3.3.3.5.

. . . . . .

1117 Temp Sensor 45. MSP

1118 Temp Sensor 45, LSP

1119 Temp Sensor Reference Voltage, MSP

1120 Temp Sensor Reference Voltage LSP

Table 3.3.3.4/I  : AMSU-AI  Data Format  -Unique  (Nadir Position) Mode

.

1 IAM I lalCD.docl
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3 3 3 5 . AMSU-Al Data Word Description and Temperature Sensor Assignment

TheAMSU-AlDigitalAdatausesthefollowingwords:

- hasekeeping  data #l, #2, #3 and #. illuslrated  in Table 3.3.35/l
.

_ identification words, illustrated in Table 3.3.392
. -

The  temperature sensor assignment is illuswted in Table 3.3.3513.
. . . .
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I-

I 1,

LSB

MSB

LSB

MSB

LSB

MSB

LSB

MiB

DIGITAL
BIT

0

1

2

3

4
5 .-

6

7

DIGITAL
BIT

0

1

2

3

4

5

6

7

DIGITAL
BIT

0

1

2

3

4

5

6

7

DIGITAL
BIT

0

1

2

3

4

5

6

7

HOUSEKEEPING DATA, BYTE NUMBER 1
DESCRIPTION

D , .

@llScanMode: O=NotFullScau 1=Fullscan

Warm Cal. Mode  : O=NotinWimnC~al. .I=WatmCal.

Cold Cal. Mode : ~=NotinColdCaL,  , .I =ColdCal.

NadirMode: O=NotinNadir l=Nadir

Cold Cal Position, LSB :

Cold Cal Position,  MSB l

D

HOUSEKEEPING DATA, BYTE NUMBER 2
. . DESCRIPTION

3

Scanner Al-l Power : o=off, l=On

ScannerAl-2Power:. 0 =af, l=On

FxLPower: 0=Redundan~  1=Primaty

Survival Heater Power : 0 = Off, l=On

1

I

1

HOUSEKEEPING DATA, BYTE NUMBER 3
DESCRIPTION

1
1 .
)
I

I

1

1

1

HOUSEKEEPING DATA, BYTE NUMBER 4
DESCRIPTION

AMSU-Al Identification Number

(as shown in Table 3.3.3.5/2)

Table 3.3.3.511:  AMSU-AI  Housekeeping Data Word Deshption

.

_.

-1



. Ref. : MO-IC-MhdT-AI-1

AMSU Al IDENTIFICATION WORDS

Uni t  N u m b e r Ide~~tificatIon  No. (Binary)
I 1

I Engineerins  Model  A-l aXlOW 101*

Flight Model 1 Module A-l 00001001 ‘103 dJ
,

Flight M.odel2 Module A-l 000&101 104 w

Flight Model  3 Module A-l ooo10001  ‘, 1 0 5

FlightModel4ModuleA-1  ‘- “ooO10101 . I()(.’  :
i

Flight Model 5 Module A-l aI .. 107

Flight Model 6 Module A-l 00011101 ’ 108
1

Flight Model 7 Module A-l
1 *:SomeanabgTLMadhtemalvol
r1 tbdhucdd -w

Table 3.3.3.5R  : AMSU-AI  Ide~ation  Words

Table 3.3.3.513 : AMSU-AI Temperabue  Sensor Assignment
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3.4. POWER ELECTRICAL INTERFACES

l 3.4.1. Overview

‘he AMSU-Al instxument  requhes  the following power interfacezi  :

_ A regulated + 28 VMzin  Power Bur with higb quality power as primary iourcx  for the inshument. .

- A regulated .+ 28 VSwitched ZZA4 Bus for powering  temperatw telemetry. - -

1 - A regulated + 28 V Pulse Load Bus for steppers which do nat amply with the Main Bus ripple

SpXificatiOIl. 4

- A reguhted  + IO Vlnrerjiie  BIU for the comma@ ChCk, Digital B telemetry  and measufement  data

interfacecircuits.

- A unregulated +21.5  to +37.5  Volt  Heater Power Bus continuady  operated  wfien  the AMSU-Al is

II

switched off, to supply the AMSU-Al internal safety beaters (see 0 3.25.).

The+28VMainP~Bus,~+28VSwitcbedTLMBusaadthe+28VPulseLoadBusare

conditioned  by the interdy dundant Power  Conversion Unit (PO. The +28 V Main Power Bus and

the+28VPulseLoadBusareindividuallyswitchedandprotactedperbus.Tbe+28VSwitchedTLM

Bus is powered w!kzver thePCUisonTheHeaterPowerBusisswitchedandprotectedbythe

Thamal Cooditioning  Unit (XX). The +lO V htdace Bus is provided by the NIU. This is illustrated

in Figure 3.4.1-1.

Figure 3.4.1-2 gives &ails of the AMSU-Al intend power distritwion.



AMSU-Al
Ref. : MO-IC-MMT-Al-O01
Issue :2 Rev.: 0

: A~ril7~1998
: 3.33

_. . ..- . *

NIU _ t-
I

.I- .. .' ' .
Army-Al -: .

--ii-; I -- - - I ' 4
I, 1ovImrfmmBmI

- - -
!

--e--s __-----

Fig. 3.4.1-I: AMSU-Al Power Distiution  Diagram
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,

Fig. 3.4.1-2 : Ah4SV~AI  Internal Power Distribution Diagram
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3.43. Power Demand

The actual power &ma& for AMSU-Al on the individual power busses  for BOL Br EOL during all

modes and requhed outlet  dimensions are defined in Table 3.4.2-l Power  Conhmption  Data Sheet.

Pammk  Lkywtions

Typical Beginning of Life Power
_’ -

Power expected  to be measured during instrument acceptance test, = baaiic power,
.

Worst Case End of Life Power

Specified power the imtmmnt  shall never exceed (except in case of failure). 4

Mean Power

Steady state power consun& whenthepowerbusissetatitsmeanvdtageandwitha25deg.C
temperanue.

.
Min. /Max Power

~/max.steadystatepowerconsumedasafunctionofpowerbusinpltvoltageand~

temperature.

Peak Power

Totalpowerconsumedduringapeak,i.e.correspondingtoaneventoffinitedurationduringthe

consideredfunctionalmode.Thepeakpowerisgiven’atmeanpowerbusvoltageandwitha25deg.C
temperanue.  The peak power is characterized  by a peak duration and / cx a peak repetition duty cycle.

Failure Power Consumption

Maximum permanempowe!rthatwWbelXXuned without triggering an hternal  protection a without

hiding  to a fuse blowing.

dP/dV @ 25 deg. C

Mean variar.ion  of the consumed power with respect to the input voltage.

. .



MAmA MMcOnl  SMCE

AMSU-

AMSU-Al
Ref. : MO-IC-MMT-A14001
ISSUe :2 Rev. :  0
Date : April 7” 1998

Pase : 3.36

Table 3.4.2-l : Power Consumption Data Sheet

Al Typical Beginning  of Lee (W) Worst Case End of Life (W)

Instr. Power Bus Mean Min. Max. Peak Peak PeakDuty  M e a n  Min. M a x .  P e a k  P e a k Peak Duty Failura
Mode Power Power  Power  Fewer  Duration Cycle Power  Power Power Power Duratton Cycle Power

OffMode 28VMainBus  0 - - - - - . 0 - - - _ -

28 V Pulse Load 0 - - - _ O---- _

28 VSwitchedTM  Bus O/O.23 - ‘. - - - om.2 - - - - -

10 V Interface Bus 0 _ - -‘. _ .,O - - - - _

2Z37  V Heater Bus TBD 47 :

TOTAL TBD - - - - _ 47/ - - - -

.!7.2

Meas. 28 V Main  Bus H&9 1 go-r-m. 3.
Mode and 28 V Pulse Load 6.0 6.4 . - _

Unique
28 V Switched TM Bus 0.2

Mode
0.3

10 V Interface Bus 0.1 0.1 J
‘,

22/37  V Heater Bis 0 _ _ - _ l_ o---_ _

TOTAL 93.3
/

7, m 1

3 In off Mode,  the  power consumption on tbe Switched ?emperature  Telemetry bus is 0.2 W wbeo this bus is available at the Instrumeg  interface.

41 WCD.doc)
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Data Sheet Code 1ntexfaa!circuit

+28 V Main Power Bus APB Fig. 3.4.3.2-  1

+28VSwitchedTLMBus BPB Fig. 3.4.3.2-2

+28VPulseLoadBus  .. UPB Fig. 3.4.3.2-3

+lO V Interlace  Bus DPB Fig. 3.4.3.2-4

Heater Power Bus Wg. 3.4.3.2-S

Tdle 3.4.3-I : Power Int&ies to AMSU-AI

Within the Power Interface Data Sheets in 0 3.4.3.1, the &xtrical charactdstics  of the power

3.43.1. Power Interface Data Week

Onthefo~owingpagestheel~~characteristicsofthepowerimerfacesaredefinedwithoneData
Sheet per signal. III Table  3.4.3-l .- ‘AMSU-Al Powa Inttrfaces’  aad 9 3.4.5 ‘Power Piu Allocation
Lists’ is referenced to these Data Sheets.

TheperformancesspedtiedintfieDataSheetsaremaintairrcliduringthemissionlifetimeaodunder

nominal  load and temperature range conditions. S&me qkcifications  have to be masured  at the

connector of the source and load spedcations  have to be measured at the counector of the load unless

specifieii  uhelwise.

PlzmmeterDe~ns

Small signal  impedance

Output  impedance  of the power supply tested with, compared to 28V,  small AC signals.

Output Impedance

Linear output impedance of the power supply.

Voltage Ripple

Sinusoidal voltage ripple, including repetitive spikes and voltage drop caused by the insuuments  current

ripple.

Under-Voltage (incl.  ripple & trans.)

The specified voltage range will be considered as under-voltage.

1 IAMIhlCDdocl



Over-Voltage (id ripple  & tmns.)

lhe speded  voltage range will be considexed as over-voltage.
. I

Transients
_

Positive or negative going, mn nqetitive spikes caused by load cummt changes.

Mar Steady-State Current _.:

Maximumpoweras~intbePowerCorrsumptionDataSheetdividedbythe

nominal voltage.
_’

Current Ripple
Ripple caused by the load pulsed currents (DC/DC convertex, stepper xnotors..~.

Inrush Current
Maximum allowed input current for a restricted time, when the load is switched on.

Inrush Current Rate
Rate-of-change of $ejnput current ovef time when the load is switched ‘on’.



Ref. : MO-IC-MMT-Al-0001

AMSU-Al

1 Signal Nomenclature I 28 V Main Power Bus I
APB

I
1 EMC class I Power I
Power  source  SpedBcation -

Parameter Requi==t . v’
Voltage , 27.‘16  . . . 28.84 V at AMSU-Al  input

Small Signal Impedance <0.3n f< 1OOkI&sllortciralit

I pmtecti0n&line<0.1  n

I Voltage Ripple See 0 4.3.1.2.

Under-Voltage
(incl.  ripple & trans.):

Over-Voltage
(id. ripple & tram.):

> 16.00 V ; 2 27.16 V

I

fa<3s

I

>28.84V;<38.OOV

. I

fac5Oms

. I

Transients I See 0 4.3.1.2. I I
Max. Current < 8.0 A Limited by $ortcircuit

Fotectia

7 <6mA

I

Load SpecWcation

Requl-t
Max. Steady-State Current 3.1 A

Current Ripple <2%ofMiuStdy-StateCurL’ f< lOOkH2

Inrush Current

Inrush Curreot Rate

<7.5%,  - I steady- state afm 300 Ins

<5omA@s  - ’
I I

I I 1
Harnes Design t

Parameter I Requirement I - I
Wiring Type AWG 20,4P

I I I



Rd. : MO-IC-hfMT-Al-0001

AMSU-Al Issue :2 Rev.: 0
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I I

I

I

Page : 3.40

Signal Nomenclature

code

mfcclass

Power Source Specification

Parameter.

V&age ,.

Small Signal lmpedan~

Voltage Ripple

Under-Voltage
@cl.  ripple & trans.)

Over-Voltage
@cl. ripple & trans.)

Transients

+28 V Switched TLM Bus

BPB * .

Powe?
. .

._ ” __ .-

Reqti- _.Remaa  ” .

‘27.16 . . . 28.84 V at AMSU-Al input 4

<16OR f< 1ookIizI
See Q 4.3.1.2.

> 16.00;<27.16V forc3s

> 28.84 ; < 38.00 V fur<5Oms

See 0 4.3.1.2.

Load Spedfication

Pmter Requirement

Max. Steady-State Current 8mA

Current Ripple <lm%, fc 1ookHz-
lnnlshcmt < 150% h4ax stdy-state  cuT. steady-state after 30

,

Hnrneg  Design . .
Parameter ReqldreneDt

Wang Type AWG 24. TP

. ._. ‘. .’

I I ’ Measured under no load condition.

I I.\\1 I ‘Ilr-y,dmrl



uMaAuARcon1!acx

Sii Nomenclature 28VPulseLoadBus

Code UPB

EMC  class

Power  source  specifkation

-!F
Voltage .

Small Signal Impdame

Voltage Ripple

Under-Voltage
(incl. ripple & trans.):

Over-Voltage

-----I~

>2!9;<3gv

I

fa<5Oms
(incl. ripple & trans.):

Transients

Max. Cumnt

LeaLagew

Laadspecincntion

Parameter I -t I
Max. sttady-state  tJurmt 1 -‘15A I

Current  Ripple

brush Cm-ent

inrush Current Rate

Harneps  Design

AMSU-Al
: MO-IC-AhlT-Al-0001
:2 Rev.: 0
: llrplitPP1998
: 3.41

I Rnvtx I
,

Requimmt Item&s  ”. .

27 *.. 29 v at AMSU-Al  input

c 0.3.n f< 1OOkI&slmcircuit

putecti0ll&line<0.1  R

See 0 4.3.1.2

>16;<27V. _. fa<3s

See 8 4.3.1.2.

<5.0A. .

<6mA

Limited by shat circuit

protecrim

Shartcircuitprotediaa’9ff

< 1.3 A& fc 1OOkHz

< 7.5 Aq# Steady-State after 6 ms

<lNps

Parmtef

Winng Type

Requi-t
AWG 20.4P

Bemarks.



Ref. : MO-IC-h4MT-Al-0001

AMSU-Al

1 Signal  Nomenclature I +lO V h&face  Bus I
1 DPB I
I

1 PowerEMC Class

1 Power Sours Specification

I-tet I Requirement I..--~ 1

Voltage , 9.5 . . . 10.5 v at AMSU-AI input

I
source CuITeIlt <loomA 4

1 Small  Signal Impedauce <lR f< 1oMHz

I Voltage Ripple See 8 4.3.1.2.

I Under-Voltage
(incl. ripple & trans.): I

I Ova-Voltage I >lO.~~;<lSV  . . I
(incl. ripple & trans.):

I
Voltage Transients see 4 4.3.1.2.

Load Spedfkation

Parameter  ” I Requi-t I I
1 Max. Steady-State  Current I 8mA I .I

I Current  Ripple

Inrush Current

I’
1 Hnrnes  Des@ I
Parameter Requi-t
wuw m AWG 24, TP

.

-.
1



AMSU-Al
: MO-IC-MMT-Alal
: 2 Rev.: 0
:April7’1998  .
: 3.43

Signal Nmenciature

Code

EMC Class

Power Source  Specifkation

Parameter

Voltage ,’

Small signal impedance

Max. Current

LfxkageCment

Heater Power Bus

HPB

Power

.

Requi-t  Remprlrs”  ‘,

21.5 . . . 375 v t AMSU-AI ipt

< 0.4 R f< 100k)l(z,sbortcircllit

pteaion&lille<0.1R

<LOA Limited by short circuit

protectim

<6mA Sboltckcuitproteaion’off

I I

Load Spedflcation

PaI-MX?tt?r Resuir==t

I’
Max. Steady-State Current 2.1 A

Current Ripple <2%ofMaxStdy-StateCurr. f< 1alkHz

Inrush Current Rate <2&s

6-s
Harness De!siga

Parameter Requirement Remprks

wiring Type AWG 20, ‘lF



I b4NnAuAwonlacE AMSU-Al
Ref. : MO-lc-MhlT-Al-0001
lssuc :2 Rev.: 0

3.433. Power Intedace  Circuits

PCU AMSU-AI
ROl E28

. .

F@ue3.4.3.2~1:+28  VMaittPowerBusI~~~eCircrru

PCU AMSU-Al
R03 . . El4

All resistor values are in ohm
All  capacitor vok ore in micro  forod

Figure 3.4.3.2-2 : +28  V Switkhed Teiemeby  Bus Intetjhce  Circui!

1 [AM I bICD.docl



AMSU-Al
Rd. : MO-IC-MMT-Al-0001
Issue : 2 Rev.: 0
Date. : April 7’ 1998
we : 3.45

FCU AMSU-Al
ROl El1

Fig. 3.4.3.2-3 : +28 VRdse had Bus Interjkce  Circuit

Ah4SU-Al
RO5 El3

Figure 3.4.3.24 : +I0 V Intetjbce  Bus Itttegace Circuit



AMSU-Al
Ref. : MO-IC-MMT-Al-0001
Issue : 2 Rev.: 0
Date :~pril7”1998
Page : 3.46

TCU AMSU-Al
R02 El6

shodf.2witRdcction l-l

. ’

zl .
H .$igip

Fig. 3.4.3.2-5 : Heater  Power Bus Inte@a Circuit

3.44. Power Conoectnfs

Table 3.4.4-l identifies the power tzmnector  &es at the AMSU-AI boxes and Table 3.4.4-2 identifies

the power co~ector types at the AMSU-Al ham%.

Connector Connector-Type

JO1 TDlB25’II’*)

Function

POW=

‘) rrr-camlon  filter pin connector

Table 3.4.4-I : Power Connector .?jpes at AMSU-AI Boxes

I coonector I Connector-Type
I

FUQCtiOll

PO1 DBMA-25S-NMB Power

Tizble  3.4.4-2 : Power Connector Types af AMSU-Al  Harness

.

. .*
..

C
\

. :



uNRAuARcowIspAcEI A.MSU-Al

_
3.45. Power Pin Alkxaiion  Lists

Ref. :
Issue :

.
g. ;

MO-XC-hfhdT-AM001
2 * 0
April 752*
3 . 4 7

Interface Data Sheets can be found in 0 3.4.3.1. 4

Theindividualpinallocationlistsarespecifiedby9charaaers ofaalphamlmericalconnectarmlmber.

F~theAMSU-Althefirst3chatactcrsareAMl.Tbt?th~ isJfcxatmxcomx%x aPfcra

harness connector. The last two cwracmsdefinetheconaectorwm~..

Since these lists also specify wiring aml  shielding, they will fom the basis for harness  manufactuing.

*powers pin allocations at insmmmt  led are described in Table 3.4.5(1. The power

connector harness are described in Table 3.45/2

conocdor  : lAh41305JOl

I 24

25

II

12

I3

+PV  Maul PWBUS  AM1

+2.w MAUI  Pwrmu  AM1

+2aV MM  PWBUJ  AM1

+2av Main  PWBU  AM1

l mv Mun  PWBIU  AM1

+2av  MAUI  PWBIUAMI

+mv h0 b&u ufi
+mv th pnih AMI
l 2av F&d  La&u AMI

+2av  hl LadBur  AM1

l 28VhlLadBulAMl

l 2IV fbl LadBIn AM1

*ZIV  hl LdBu AM1

l 28V w IAmlBul AM1

l 2tv hl LmdBru  AM1

l 2av Fu Lad&II  AM1

l 28VSwlLMBus~Ml

l 28V svl TLM Bu¶  AMI

.2IV SW TlJd Bus AMI

+2mv swl TLM  Elu AM1

SJayHuPwAMI

SdayHoPwAMI

N C

N C

aIruls God AM1

Iklll: AlbSU-I Tkdiaa : Powcrlnput Backahd: NM
EMGc&cgory:  1 Cona.-Typo:  TDlB25TP

SUP.

uu l&ml. Pa.

E28 APBP -D

E28  APB* -7

cs.LD sdchbk ruu

El1 UPB- -D CEO1

Eli UPB- -7 CBOI

EM BPB- - D BBOI

El4 BPB- - 7 BBOI

El6 HPB D

E l 6  HPB 7

Table 3.4.511:  pin Abwztion  List of Connector JO1

-t
Fin 1. % 14 and 15

ndnxledrtk

Pm

Pin 3.4. 16 and 17

rt#ha¶ai*Q

P-ChWUU

pin $6.18  ad 19

rcdKaled*rk

P-GXIWUU

Pio7.8.Mand21

nsklmadmthc

P-c *

PioPmd22

PiDIOUbd23

rcdmllaledl

4tUWPcmDeaa

lJcr
-

.



MATUA UMCOMI  SMCE AMSU-Al

Connector : lAMl305POI Ittm : AhlSlJ.  I Fooctioa  : Power Input Coon.-Qpe  : DEW-25S-NMB
EMC-Cmttgoq : I Loatioa:  305 RoclubeIl  : T B D

Ptn stgnal Lkatptbm

01

0 3

02
04
14
16
15
17
05
07
06
08
18
20
I9
21
09
IO
22
23

I

24
25
II
I2
I3

428V Main h&u AMI
428V Main hdur AMI
428V Mlia f’wrhu AMI

+2l?V Mdo RnBur  AMI
+28V  Mtia  PwBua AMI
+28V  Mtio PwBua  AMI
+28V  Mnio PwBun AMI
+28V  Mtio FwrBur  AMI
t28V  Pul  L&Bus  AMI
t28V Pul LondBlrr  AM1
42.W  Ful LonIBua  AM I
t28V  hl LtmdBw  AMI
t28V Pul LadBw AMI
+28V l’ul  LcwlBua  AM I
+28V Pul LoutBuc  AMI
t28V f’ul LqdBw AMI
t28V Svl ILM Bw AMI
+28V  SVC ILM Bus AMI
t28V SW TLM Bw AMI
+28V SW TLM Bw AMI
S&y Ha Pw AMI
WcyHhPwrAMI
NC
NC
ChuricGodAMI

E28 APBP - D

E28 APBP - 7

Eli UPB-
El1 UPB-

- D
- 7

?I4 BPB-
314 BPB-

- D
- 7

316 HPB
:I6 HPB

D
7

Table 3.4.X2  : Pin Allocation L.&l  of Connector PO1

(For lnfomath Only)

CBOl
CBOl

BBOI
BBOI

TP-20
TP-20

TP-24
7-P-24

w-20
TP-20

Pi I, 2, I4 lad IS
uchated*the
P-ChWCiU

Pio3,4,16u1dl7
Mdlated&lhe
P-colraertor

Pia5.6.18u1dl9
usdKlltcdwthe
P-CUUlebct

Pia7,8,20ud21
ueholu!dtilhe
P-&OllCi%T

Pin9uwlu
?in 10 md 23
uchalederh
uthk?P-CUUWia

Ref., : MO-IC-MMT-Al-o001
lS8UfZ :2 Rev.: 0
Date : AprII “9 1998
Page : 3.48

End-it.  ~a conndor Pbl
FCU 230 PCu230  Pxx
KU 230 PCiJ23oPxx

PCU 230 PC0230 Pxx
PCU 2 3 0 .  PCU23OPu

FCU 230 .PCu230 Pxx
KU 230 PCU23oPu

FCU 230 TCU230 Rx
TCU 230 TCU230 Rx

vow

I 1 I 3aICD.docl



Ref. : MO-IC-M.MT-AM001
Iscue :2 Rev.: 0
w :April7’1998
pase : 3.49

MumA uARcowl  SMCE A.MSU-Al

3.5. SIGNAL ELECTRICAL INTERF.ACE!S

35.1. overview

An oveiview  on the signal electrical intafaces  between F’LM  and,AMSU-Al is pnesented in Fig. 35-l.

A . Pulse Dir&rote  Commands

0
Digital B Telemetry \l 1

. 8

*
Analog Telemetry \21

\

Temperatures (TLM  Bus) ,8
\

1.248 MHz Clock

8 l Svnc.

Data Enabk

18.84 kHr Clock
l

*
Dlgltal A Data Output

4

AMSU-Al

Fig. 3-S I : Signal Elecbisal  Inte#zces  PLM ea AMSU-AI

35.2. Signal Ektricd Interkce  Requixvments

Table 3.5.2-l lists all signals of the AMSU-Al signal interfaces and gives refaexes to the Interface

Data Sheets in 5 3.5.2.1 as well as the interface  circuits in 4 3.5.2.2.



-

Rd. : MO-IC-MMT-A14001

I UTRA  b4ARconl wcx AMSU-Al
r!suc :2 Rev.: 0
Date :Apri17‘%@8  .  .

PI

PI
rc-

PIylt.  :3jo

T&le 3.5.2-l : Signal to L&a Sheets 6 Inte@ce  ctcuitr  Assignments (IL?)

WW DataSheetCode IntesfaczCldt  R e m a r k s

Module Power Discannea  AMSU-Al

Module Power Comwt AMSU-Al

Survival Heater  Power Off AMSU-Al
CCP .._l?g. 3,5.2.2-l - Disaae

Survival Hearer Power On AMSU-Al _- ..

Module Totally off AMSU-Al

Sumner Al-l Power AMSU-Al

Scanner Al-2 Powa AMSU-Al

Warm Cal. Pos. AMSU-Al

Cold Cal. Pos. AMSU-Al

Antexma  Nadir Pas. AMSU-Al

FIJII  Scan AMSU-Al

:

4

CCL Hg. 3.5.2.2-1 ie”el  Disxete

Commands

phase  Lock L&p !&lea  AMSU-Al

Cold Cal. Position MSB  AMSU-Al

Cold Cal. Position LSB AMSU-Al

Module Poker  lLM AMSU-Al

Survival Heater TLM  AMSU-Al

Scanner  Al-l TLM AMSU-Al

Scanner Al-2’ILMAMSU-Al

Warm Cal. Pos. ‘ILM AMSU-Al _ . DigitalBHK

Cold Cal. Pas. ‘ILM AMSU-Al

Antenna Nadir ‘EM AMSU-Al

Full Scan TLM AMSU-Al

Phase Lo&Loop  ‘ILM AMSU-Al

Cold Cal. Pos. MSB ‘ILM AMSU-Al

Cold Cal. Pas. LSB ‘ILM AMSU-Al

Fig. 3.5.2.2-2 Telemeq

. *

.

RF Shelf Al-l Temp. AMSU-Al

RF Shelf Al-2 Temp. AMSU-Al

Al-l Scan Moue Temp. AMSU-Al

Al-2 Scan Mow Temp. AMSU-Al

Warm Load Al-l Temp. AMSU-Al

Warm Load Al-2 Temp. AMSU-Al

Rg. 3.5.2.2-3 Temperatures

TLi
(Switched TLM

Bus)

I-LO #I (Primary) Lock Detect AMSU-Al

-LO #2 (Redund.) Lock Detect AMSU-Al
IQ. 3.5.2.2-4 Analog HK

-1



._.

AM!W-Al
Ref. : MO-IC-MMT-Al-0001
Issue. :2 Rev.:  B
Date : June 12” 1998
Page : 3.51

Table 3.5.2-I : Signal to Datu  Sheds  & Intojim?  Circuits Assignments  (2n)

Signal Data Sheet Code Interface  Circuit Remarks

Al- 1 Drive Motor Current AMSU-Al F i g .  3.512.2-5
Al-2 Drive Motor Current  AMSU-Al

-15 VDC (Antenna Drive) AMSU-Al
-

-15 VDC (Signal Process.) AMSU-A,l

-15 VDC PLLO Ch 9/14 AMSU-Al

+15 VDC (Antenna Drive) AMSU-Al

+5 VDC (Antenna Drive) AMSU-Al

Fig..3.5.2.2-6

Analog HK

TLA Telemetry

+15 VDC (Signal Process.) AMSU-Al

+5 VDC (Signal Process.) AMSU-Ai ’

+15 VDC PLLO Ch 9/14 AMSU-Al

+8 VDC (Receives) AMSU-Al Fig. 3.5.2.2-7

+lO VDC LO Cl13 (50.3 GHz) AMSU-Al

+lO VDC LO Ch4 (52.8 GHz) AMSU-Al

10 VDC LO ti (53.596 GHz) AMSU-Al

+ 10 VDC LO Ch6 (54.4 GHz)  AMSU-Al

~10 VDC LO Ch7 (54.94 GHz) AMSU-Al

+lO VDC LOCh8 (55.5 GHz) AMSU-Al

-15 VDC LO Ch15 (89.0 GHz)  AMSU-Al

- 10 VDC RCVR M. / IF Ampl. AMSU-Al

1.248 MHz Clock AMSU-Al

8 set Sync AMSU-Al

Data Enable AMSU-Al

16.64 kHz Clock AMSU-Al

Data Output AMSU-Al

3.5.2.2-10

CLR . Fig. 3.5.2.2-8 Timing :

see Fig. 3.2.6. l-l

SW

DEM Fig. 3.5.2.2-9 liming see 8 3.3

CLT Measurement

DOA Data



. .

. .. 1 ,: :

. .



Definition of VDD  : see Data &et ‘+ 10 V hw&ce Bus - DPB’ in 0 3.4.3.1.

-



Ref. : MO-I~-MMT-A~-OOO~

Fault Voltage Fkotmion

Load Circuit Spesifia~tioa

PJuameter

‘1’ - Level

‘(Y - Level

sink Clment

Mut Impedance

Fault Voltage Emissions

Fault Voltage Protection

Hnroeps Design

hametfx

Wmng Type

ov.;.vm . .
-0.5 v . . . voo + 0.5 v

Resuimt

-0.5 . . . +2 v *linetolOVI/Fground

+8.0.... +10.8 V linetolOVI/Fgx6und

ClmA

.>90 k&-J

0 v . . . VW &>2kQ

-0.5 v . . . VD() + 0.5 v VDDCMIXI~IID~~~S~X~CCP

Requirement Remarks

AWG 24, single line return via +lO.V L/F ground

-\



Ref. : MO-IC-MMT-Al4001

uAIaAuARcon1SPACE AMfW-Al E ; 2m,yj& ‘.

pase : 3.55

Signal Nomenclature

CO&

Eh4c  class

!source  chxxlit SpedfUcrrtion

Parameter

‘l’-Level  _’

0’ - Level

Spectral  Frequency  bge

output impedance

Source  current

Fault Voltage Emissions

Fault Voltage Rotection

Digital B Telemetry

T L D

Signal

_.

Resuirenent Remnrks.

41 . . . +o.s v Gn>und  refaence

+3.5 . . . +5.7 v Seeintqfacecircuit

0 . . . 200 Hz forf>2ooHzfilterlr%@red;
samplingrateseeunderLoad

2 l&J . . . 15 m

>@)cIA

-15 ‘... +lS .v & > 0.2 kn

-15 . . . +15 v & > 0.2 kn



AMSU-Al
Ref. : MO-IC-MMT-Al-0001
Issue :2 Rev.: 0

: AprWm19!J8  . .
: 3.56

Signal Nomenclature I Analog HK Telemetry

I Code I TLA I

EMC class Signal

source  circuit  S~eation

Parameter

Voltage Range

Spectral  Frequency Range

Rtqaem~t Reslmks’ . .
0...5.12v  ” load>,2Mn

0 . . . 200 Hz forf>2OOE@filterrequired;

samplingrateseemldelLoad

2 a.. 15 kn

I sourceclm.ent >3ti I
.Fault Voltage Emissions

Fault Voltage Protection

-15 . . . +15 v &>2kQ _.

-15 . . . +15 v &>2kn

I I

had Circuit Speclflcatlon I

Parameter _. Regui==t

Input Voltage Range 0 . . . 5.12 V Lilletoreaun .’

Sampling Rate 0.125 . . . 16 s

Conversiofl  Resolution 8 bit 2OmVLSB

hkasurement  Accuracy ‘2OmV

SW. TIM Ground



Ref. : MO-IC-MMT-AlMX)l

1 Rise Tie 10% to 90% I cablelength<5m 1

II Clock Symmetry >82% seefigurebe!low  *
I

output Impedance <lU)R CMOS buffer output

Sou.ruzCulTexlt >28mA @ v, = 9.5 v

Fault Voltage Emissions 0 v . . . VoD &> 100R

Fault Voltage Protection -0.5 v . . . VDD  + 0.5 v v~&!flEdinDarasheacCP

Load  Chlit Spedfication

Pprruneter

Low Level

High Level  (VW)

Requi-t

-0.5  . . . +2.0 v heto1ovI/Fground

+8.0 . . . +10.8  V linetolOVL/Fground

11 Sink Current I <lmA I I

Fault Voltage Emissions

Faulr  Voltage F%tection

0 v . . . VDD Rs>2kfJ

-0.5 v . . . VDD  + 0.5 v V~~MkdinDataStreaCCP
I I

I I
Harness  Design

Pprpmeter Requirement

Wiring Type Double shielded cable See Fig. 3.5.2.2-8.
I I

SYmmetry n.r-7.
A/BxlOO% ifB>A
B/Ax 100% ifA>B 4*-w L



I uuRAuAIcowI  SPAQ AMSU-Al
Ref. : MO-IC-MMT-Al-0001
Isle : 2 Rev.: 0
Dare :Apri17”1998
Page : 3.58

Signal Nomenclature I 8sSyac. I

Code I SW . * I
EM! class I Signal I

source  circuit  spedfication

Paraxne~

+-Level

.
- _. ..

Requiraneat ..- ”
. -4.2 *.. +0.2 v lhtolOVI/Fground

+9.3 . . . +10.7  v lktOlOb/FglDulld1
Repetition Rate 8 s tokaxxs  : see Table 3.3.2-l

Stilbility 1 tderaaces  : seeTabk3.3.2-1  l I
Pulse Width I 240.4pkl.7ps I at ‘1’ - Level I

Rise Tie 10% to 90% I <2P I cablelengthc5m  I

< 1.5ks.I 1 R(CMOSoutput)+2OOR  1

source Curfent I >lmA I @ v,=9.5 v I
Fault Voltage Emissions I 0 v . . . VDD I RS>  1OOR I
Fault Voltage F%te&on I -0.5 v . . . vm + 0.5 v

I
1 voodefixxiinDafastleaccp  I
I

I I
I

Load Circuit Spedfhtion I

O-Level I +8.0 . . . +10.8  V I hleto10VI/Fgrouxld l
I I I

Sink Current I <lmA I I
Iqul Impedance

Fault Voltage Emissions

>9OkR

0 v . . . vm R.s>2kQ

Fauh Vohagc  Rot&on I -0.5 v . . . vm + 0.5 vI- V~~~kthiinDataStiCCF’

Ftequirement

AWG 24, single  line return via +lO V l/F ground



Ref. : MO-Ic-MMT-Al-0001

MATRA uAwowl  swx A.h!@U-Al E i 2m,y&8 ’
F@?e : 3.59

Signal Nomenclature I Data  Enable I

Code I DEM I

EMC Class

source circuit specification

PlUrUneter

‘l’-Level

Signal

Requi=!=t

-0.2 . . . 4.2 v

_ .&$mtuks

linetolOVI/Fground

I +9.3 . . . +10.7  v I
lilIk?tO1QVI/FgNUld

Number of Samples 13pex 1OOms

~deaivedhm1664kHzClock~  seeDataSheetCLT/CLR  I

Puke Width 1 (79/5)  x (1116.64 kh Clock) 1 at ‘1’ - Level I
Rise Time 10% to 90% I <2w I cablelength<Sm  I

Fall Time 90% to 10% I <2P3 I cablelength<5m I

output Impcdant% < 1.5 kn R (CMOS outplt)  + 200 R

source current > l m A @ v#J=9.s  v
I 1 I

Fault Voltage Emissions I 0 V . . . ,VDD I &>lOOR I
Fault Voltage Rotection xl.5  v . . . vrx)  + 0.5 v v,dehledinDatashex!tccp

Luad Circuit Specifia~tion

f?lInmeter Requi-t

l ’ - L e v e l -0.5 . . . +2 v lineto1ovyFground  .

(r - Level +8.0 . . . +10.8  Y linetolOVL/Fground

Sink Current I <lmA I I

trlput lmpedaoce I >9OkCl I I

Fault Voltage Emissions I 0 v . . . VW I Rs>2kfI I

Fault Voltage Fbxuxion -0.5 v . . . VW + 0.5 v v,&flNxiinDataskIsccp

Harnesr D&go

PlUMMtT

Wiring m

Requirement

AWG 24, single line renunvia10Vl/Fground

.:



-U-Al
Ref. : MO-Ic-h@lT-Al-0001
Issue :2 Rev.: 0

: AprU”1998
Z’ : 3.60

Signal Nomenclature

code

EMC class

16.64 kHz Clock

CLT

Signal

source  CirclIit Spedfication I
PUMll?ter

‘1’ - Level _,

‘(Y - Level  (VnH)

Requirement

-0.2 . . . +0.2  v

+9.3 . . . +10.7 v

Repetition Rate 16.64 lslps

. , . Remarks

linetolOVI/Fground

lineto10iwFground

Tolerarice  depends
on 1.248 MHz clock I

Stability Derivedtim

I

see Data Sheet CLR
1.248 MHz clock I

Pulse Width I 12psf1.7ps I at ‘1’ - Level I

Rise Tie 10% to 90%

Fall Time 90% to 10%

<2w

c2w

cablelength<Sm

cablelengthc5m

<lSksl 1 R(CMOSoutput)+2OOR  1

sollr~  current I >lmA I 0 va = 9.5 v I
Fault Voltage Embions 0 v . . . vm RS> IOOR

Fault Voltage Protection I 4.5 v . . . vpcj + 0.5 v I V,D~inDataSheetCCP)

pnramete.r Requi-t
‘1’ - Level -0.5 . . . +2 v

‘0’ - Level +8.0  . . . +10.8  V

Smk Current <lmA

input Impedance >9OkSZ

linetolOVI/Fground

lineto  lOVI/Fground

Fault Voltage Emissions

Fault Voltage Protection

Harnes Design

0 v . . . VDD &>2ks2

-0.5 V . . . VDD + 0.5 V v,~ilIDatasheetcCP

ParallX?ter

Winng T&e

Requirement

AWG 24, single line

Remarks

line to 10 V I/F ground
L I I



MO-IC-h%fT-Al-0001

Signal Nomenciature I Jhta output

Code I DOA

EMC Ciass I Signal

source  circuit specification -
I Parameter

I ‘l’-Level  _I -0.2 . ..-+0.2 v I lioe-to  1OV I/Fgrwnd

‘0’ - hWe1  (VOH) +9.3 . . . $10.7  v lineto1QVLIFpmd

I Data Word Rate (Burst) 13x 16-bitwordsper1OOms

Rise Time 10% to 90% c2crs cable length < 5 m

Fall Ilime  90% to 10% ..<zps cableleqthc5m

OutpltUJeda= < 1.5kfJ R (CMOS output) + .200 R

SoLlrceCurrent >lmA’ @V,=9.5V*

Fault Voltage Emissions 0 v . ..‘voo Rs>lOOR

Fault Voltage Rotection -0.5 v . . . VDD + 0.5 v v,ckhdinDatasheetcCP

Load Circuit Spedfication

Parameter

‘1’ - Level

‘0 - Level

Sink Current

lPJt lmpedan=

Fault  Voltage Emissions

Fault Voltage Protection

Requirement

-05 . . . +2 v liueto10VJ/Fgrouud

+8.0 . . . +10.8  V IinetolOVLIFgrwnd

<lmA

>9O)rR

0 v . . . voo Rs>2kQ

-0.5 v . . . VDO + 0.5 v v~~&!hxiinDatashe!etcCP

Harnen  Design

Pararnetef

Wwi 7Lpe

Requirelnent -

AWG 24, single line retuxn  via 10 V i/F ground

J



Ref. : MO-IC-MMT-Al al

Page : 3.62I uT8AbuRcowlspAcE

353.2. Signal Interface  Circuits

-U-Al

AMSU-Al
010 B22

0) sfws multiple cimits l ) serves  multipk circuits

All resistor  values

Fig. 3.5.2.2-I : AbfSU-AI Puke /Level Discrete  Com+w& Interjizce  Circuit

AMSU-Al
0 3 2 . .

+4.N 0enauM  fmm - ._,

II resistor values ore in ohm
II copocitor volus ore in micro ford

Fig. 3.5.2.2-2 : AUSU-Al  Dpical Digital B Telemeoy  Interface Circuis
.



page : 3.2i3

AMSU-Al
027 Al3

JI resistor values ore  in ohm

Only one +28  V Switched  TLM Gnxmd line is provided from AMSU-Al  for  all  iurerfkes.

Fig. 3.5.2.2-3  : AMSU-Al  Tempenmwe  Tel&dry  Inte@iie  C.lrcuit

AMSU-Al Nnr
028 Al3

Only one Signal Ground line is provided from AMSU-Al for ail interfaces.

Fig. 3.5.2.24 : AMSU-AI  PL.0 Lock Te&metry  InZerfYacq  Circuil



I uuRAuARcouI  SMCE AMSU-Al

AMSU-A  1
031

Ref. : MO_Ic-~-Al-O001

E ; &$e;;8 ’
Page : 3.64

NIU
Al3

&I resistor values  are in ohm

Only one Signal Gmmd  line is pmided  from AMSU-Al  for all imxfkes.
Fig. 3.5.2.2-S : AbiSU-Al  Motor Cwent Tekheby hte@ue  Circuit

AMSU-Al
029 Al3

I

AlI nwstor  values arc in ohm
All capoctior  vai1~3  ore in micro  famd

Only  one Signal Ground line is provided from AMSU-AI for all in~trfaozs.

Fig. 3.5.2.2-6  : AMSU-AI Negathe  Vohge Telemeby  Inter&cc  Circuit

:..
.“..



Ref. : MO-IC-MMT-AlMX)l
Issue : 2 Rev.: A
Date’ : May 15* 1998
Pase : 3.65

MAVRA  MARCONI SPACE AMSU-Al

NIU
A13

UI  resistor values are in ohm
Ut apocitor  dues  ore in micro farad

Only one Signal Ground line is provided from Ah4SU-Al  for all interfaces

Fig. 3.5.2.2-7 : AMSU-Al Positive Vo&ge Telemetry Interface Circuit

TLM Signal Rl R2
+15 VDC:  (Antenna Drive) AMSU-Al 18.2 kQ 5.49 ks2

+5 VDC (Antenna Drive) AMSU-A 1 10.0 k&Y2 15.0 m

I +I5 VDC (Signal Process.) AMSU-Al . 1 18.2kR  1 5.49kR.I

+5 VDC (Signal Process.) AMSU-A1 I lO.OkR  I 15.okR  1

+I5 VDC PLLO Ch 9114 AMSU-AI

+8 VDC (Receiver) AMSU-Al

+ 10 VDC LO Ch 3 (50.3 GHz)  AMSU-Al

18.2 kR 5.49 ks2

15.0 kR 10.0 m

15.0 m 8.06 WI

+ i0 VDC LO Ch 4 (52.8 GHz)  AMSU-Al I 15.0 kI2 I 8.06 m I

I + IO VDC LO Ch 5 (53.569 GHz) AMSU-Al I 15.0 kR I 8.06 m I

+ 10 VDC LO Ch 6 (54.4 GHz) AMSU-AI 15.0 ks2. ji.06 kA-2

+ 10 VDC LO Ch 7 (54.94 GHz) AMSU-A1 15.0 kQ 8.06 kf2

+ 10 VDC LO Ch 8 (55.5 GHz)  AMSU-Al ls.o kR 8.06 kQ

I +I5  VDC LO Ch 15 (89.0 GHz) AMSU-A1 18.2 kS2 5.49 ks2

Table 3.5.2.2-l : Resistors for Positive Vohge  Telemetry  Interface Circuit
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uAmAuMcow1smcE AMSU-Al
Ref. : MO-IC-MMT-Al-0001
Issue :2 Rev.: 0
Date :&ril7%98 A

AMSU-Al
0 3 0

. .
1 .

JI resistor volus  ore in ohm I / I”
II copociior  values ore in m’bu farad

Only one Signal Grouvxl

Fig. 3.5.2.2-7  : AMS
vi&d fmm AMSU-Al for all imrrf&xs

c ~vdtage  memeby  Interjhce  amdl

+5@ (Signal Process.) AMSU-Al 10.0 m 15.0 kn

15.W PLLO Ch 9114 Ah4SU-Al 18.2 LR 5.49 m
r

I +8 VDC (Receiver) AMSU-Al 1 15.okn  1 10.0 kn

/ +lO VDC LO Ch 3 (50.3 GHz) AMSU-Al 15.0 kn 8.06 k&J
/I’ +lO VDC LO Ch 4 (52.8 GHz) AMSU-Al 15.0 M 8.06 kR

/ + 10 VDC LO Ch 5 (53569 GHz)  AMSU-Al 15.0 kn 8.06 kR
I

+ 10 VDC LO Ch 6 (54.4 GHz)  Ah4SU-Al 15.0 la *8.06 kn

+ 10 VDC LO Ch 7 (54.94 GHz)  AMSU-AI 15.okQ 8.06 kn

+lO VDC LO Ch 8 (55.5 GHz) AMSU-Al 15.0 LR 8.06 kQ

+I5 VDC LO Ch 15 (84.0 GHz)  AMSU-AI 18.2 kQ 5.49 m

Table 3.5.2.2-I : Resistor for Positive Vohge  Telemetry Interjkce Circuit



AMfXJ-Al
Ref. : MO-Ic-h’&lT-Al-1

AMSU-A 1
0 1 2 612

AJI mpocitor  values  ore in  m*ao farad

. Fig. 3.52.2-8  : 1.248 MHz C7ock Intcrfrrcc  Circuit

AhWJ-A1  (Digital Data  A)
Ah4SU-A  1

011
NIU  (Digital Da&a A)

611

0.1 4

All resistor volucs  OR in ohm
All  mpacitor  value5  ore in micro fomd

Fig. 3.5.2.2-9 : AMSU-AI  Fast CMOS - CMOS InterfTace  Circuit

:



. .

Ref. : MO-IC-MMT-Al-1

wuu uacowI  SPACE -U-Al E ; 2m,yj& ‘.

pase : 3.67

AMSU-Al
063 Al3

Fig. 3.5.2.&M : AMSU-AI + 10 DC RCVR Mixer/I/F  Ampiifir  Intqfiue  C&&it



I

uumAb4ARcowIswcE AMSU-Al
Ref. : MO-IC-h&IT-Al-0001
Issue : 2 Rev.: 0
Date :ApfiI7%98
We : 3.68

3.53. Signal  ElectricaI  Connectors

Table 3.5.3-l identifies the signal electrical connector types at the AMSU-Al boxes and Table 3.5.3-2

identifies the signal electrical connector types at the AMSU-Al harness. ’

I

-I 1

‘I: I

I I

Connector Connector-Type .’ lhctiow

JO2 TDlE9HS  l ) Data (Digital A)

JO3 i347OOo-001  (Tiiax, Clock
jack with male pin contact I)

JO4 TDlB25TS *) comma&Is

JO5 TDlAlSTS  *) Digital  B TLM

JO6 TDlCyTP  *) AnalogTLM

*) lTr-cannon  filter pin colmecmr

Table 3.5.3-I: Signal Eiectrid  Connector l)pes  at AMSU-Al Boxes

Connector

PO2

PO3

Connector-Type

DEMA-9P-NMB

RFL 6321-90 (Ml)
max reaxxacle  9

Function

Data (Digital A)

clock

DBMA-25P-NMB comma&

PO5 DAMA-ISP-NMB Digital  B TLM

PO6 DCMA-37s-NMB
l

AnalogTLM

Tabk 3.5.3-2: Signal Eledrical Connector 7&a at AMSU-AI  Harness

I Provided to MJZOP by Ins&ument  Supplier.

Automatic Connector. Inc., Commack. N.Y. 11725 CAGE 94375

2 Provided to MFTOP  by Instrument Supplier.

Automatic Connector. Inc., Commack. N.Y. 11725 CAGE 94376

_’



33.4. Signal Electrical Pin Allocafion  Lists

in time lists, the cross  ref~ between  conneaor pin, signal  designation,  hueface  Data Sfiea target

co- and target connaaarpinisdetinedandHcardedasdatabasewiththeDornierCAIETool

(generation of the electrical interface part of the ICD using compuux  aided interface eagineering).  Per

connector one list is prepamd - ‘.a , ,.-- __

Interface,circuitsofaunitartcombinedwithtbe.~~iDtafactcircuitofthetargetuliitbytheCAIE

Tool. ;
_-

Interface  Data Sheets can be found in 4 3.5.2.1 4

Theindividualpinallocationlistsarespedfiedby9charaacrs ofaalpbanumericalcomectmnumber.

For the AMSU-A1 the first 3 charactersareAMl.‘Ilre7thW isJfnaboxcomectarorPfora

hamessconnector.Thelasttwocbaraaers~  .iLzflnethe cmEctor numba.

since these lists also speay wiring ad shielding, they will farm the basis  for harness manufacturing.

The  signal coonectar pin allocations at immmemt  l&d  are described in Tables 3.5M’to /5. The signal

conoector  harness are described in Tables 3.5.4/6  to /lo.

Cooaaztor  : 2AM13OSJO2  Item: Amu- .Fi&ktO: DigitdAData  Bncksbell:  U/A

EMc-clkgocy: 2 CXIIIIL-m : TDIE9HS

CltcBlpl. Pa.

02 16.64 kHz &d AM1 SIG’

05 DmuGulpdAMl SIG

wl DuEnAhll SIG

07 8XKSpCAMl SIG

04 NC c

08 N C .-

W N C .-

03 Signrl  Gnd  PO2 AMI .GND

01 0UmsGadAAMI .-

Bll UT- - D cm0

011 DOA-  - D DA01

811 IEM- - D DNOl

Bll SW- - D !mx

GND. - GD07

Table 3.5411: Pin Allocation List of Connector JO2

Gxloca4r  : FAMl305103  IICOI: AIUSU-1 Function : 1.248MHzCksck

EMC-Chkgor~:  F Coon.-Type  : 63-47WO-001

Grmping

. *
Bachbell  : N/A

phQt=J- *w P a .  (ZID ed fhbk TwId  coarnrt Nor

C 1.248 MHz Clock AM1 SIG 812 aR- - D CR01

lS 1.248 MHzC3RmAMI JSHD  B12 aR- - 7 CR01 see Fig. 3.X.2-8

O S  CABLESHIELD .GSHD  SHD - 0

Table 3.5.4R : Pin Allocation L&t  of Conntctor  JO3 . .



AMSU-Al
Ref. : MO_IC-MMT-A1-0001

I

_
Page : 3.70

Connector: 2AM130904  Item : mu-1’ Function: bnmands Backshdl:  NIA

J3hfc-~tcgory : 2 COIUL-Type  : TDlBZTS

03 slrviv~~Albl1 SIG
04 hldITwyoPfAM1 SIG
05 scanmAldPwTAM1 SIG
06 CQldCalpaAMl SIG
07 ~scl~l SIG
08 AatNdPmAMl SIG
w ColdCalPasMsbAMl SIG
14 MdlPw&mmwAM1 SIG

15 stiv1 SIG
16 SaMa Al-l Rn AM1 SIG
17 WrmCalporAMl SIG
18 m1sanAM1 SIG
19 coldchlPlxLSBAM1 SIG
12 +10Vl/FB1~Ah41 SUP
13 +lOV  IlFBus  AMI .RTN
24 l IOVlEBusAMI SUP
25 +lOVLFBmAMl .RTN
10 NC .-
II NC .-
20 NC .-
21 NC .-
22 NC .-
23 NC i
01 OUPUGadAMI .-

310 UP- - D
110 CCL- - D
110 Ca- - D
110 CCL- - D
110 CWz - D
310 Ca- - D
X0 CCL- - D
110 CCP- - D
X0 CU’- - D
110 a- - D
310 CCL-  - D
X0 M- - D
110 CU- - D
213  DPB- - p
:13 DPB-  - 7
!I3 -D
:13 - 7

m.lD SbdbbkTw

230

Z31 :
ZOO
2ol : ’

CLOZ’
zLO3
zLO4

Tabk 3.5.4/3 : pin Allocation List of Connector JW

Chnncctor  : 2AM1305JO5  Item: AMSU-1 Functioo  : Digird B TLM
EMC-cagory : 2 &I.-T~K  : lDlAI5~

02 tddlprrnhfm1
03 ColdGlPorMSBTLM  AMI
05 ScutmxAI-2lLMAMI
w CddWParlLMAMI
07 Ptudmbq-fLMAMI
W Sw-nvd  HF YLM AMI
II CddCUcslSBlLM AMI
12 !hnmxAl-I TLM AM1
I3 WwnCdPosTLMAMl
14 ADlNAdRXlLMAMI
IS Full  Scan IlaM AMI
04 NC
08 NC

SIG
SIG
SIG
SIG
SIG

SIG
SIG
SIG
SIG
SIG
SIG
.-
.-

. 10 NC _-
01 OlUSLTGDdAMl . .-

lmdaoscadt

-sLLarl h
032 TIl1 -D
032 TLD- - D
032 lLD- - D
032 lLD- - D
032 lLD- - D

032 -ED-  - D
032 ILD - D
032 TLD- -D
032 -lLD- - D
032 lLD- - D
032 -lLD- - D

a.ID !sbd  chbk Twld

BacbheIl: N/A

ID29
-ID30
TD31
TD32
-ID33

m34
-ID35
TD36
-ID37
TD38
TD39

-\

New

Table 3.5414  : pin AUocation List of Connector JO5



Ref. : MO-IC-MMT-Al -MI01

Connector : 2Ahf130906

AMSU-Al
Isste : 2 Rev.: 0
Date :April7’1998
Page : 3.k

ItUIl: Ahfsu-1 Function : Analog -mvf Bd&cll: N/A

EMC-Q~0l-y  : 2 Cow-Type : TDlC37P

02 RFSbdfAl-lTunpAM1

03 Al-1 SaaMotTacp  AM1

04 W-I-ITemp  AM1

‘06 PLLO#2p+DUAMl

OS All1 Dr&ot  C&AM1

09 +I5vDc(Arlukv)AMl

10 +5vDc  (AlltIhv)  AM1

I1 +l5vDc(qgRoc)AMl

12 +NDC @gRic) AM1

13 +lOvDC Lo cH3 AM1

14 +lOvDcLO ai5AMl

15 410vDcL0 cH7AMl

16 +15vDC  cH9/14  AM1

17 +lOVDC  RCVRMWTFAMI

18 +15vDcLO  cHl5 AM1

21 RFSbdfAl-2TCUpAMl

22 Al-2ScmMotTcu&MI

23 wamLomlA1-zrellp  AMI

25 PLL0a1LockDuAM1

27 A1-2Dt-vMeCu1rAM1

20 -l5vDC(tiDrv)AMl

29 -l5vlx(sgRoc)Axl

30 +lOvDCLO  cH4 AM1

31 l IOvDCLO cH6AMl

32 +IOVDCLGCHBAMl

33 -15vDCcH9Il4  AM1

M *wDC (lkrwa) AM1

20 l 2llv svl  lLM BUJ AM1

OS SC

07 SC

19 SC

24 %C

2b SC

35 tic

Jb NC

37 NC

01 alrrru  God AMI

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

SIG

.Rm

.-

.-

.-

.-

.-

.-

.-

.-

.-

1t
127 TIA- - D

327 TlA- - D

127 ‘Iu- - .D

328 _ ‘ILk ‘- D

>31‘ TIA- - D

130 lU- - D

130 TU- - D

330 TLA-  - D

130 ‘&U- - D

130 lIA-’ - D

130 TIA- - D

130 M- - D

330 lYA- - D

I30 lU- -D

I30 TlA- - D

m lu- - D

)27 ll.A- - D

m TLA-  -D

XZd Tu- -D

J31 M- - D

)29 M- - D

X29  TIi- -D

130 ll_A-  - D

)30 lLA- - D

I30 llA- - rT

329 TLA-  -D

330 TIA- -D

i:

- *
m.n,sMabk-h&

TN8

rA39 - : -

rAg0. _
rA41

TA42

TA43 4

TAU

TA45

TA46

rA41

rA4a

TA49

rA50

TN1

TN2

rN4

TN5

rA56

rA57

rA5a

fN9

TA60

rA61

rA62

rA63

TA64

TA65

.rt

. :.

Table 3.5.4/S  : Fin Allocation List of Connector JO6



Connector : 2AuI305Po2 Itrm: AMSU-I
EMC-C&gory  : 2

Ptn St& D8dgmttal

02 16.64 UirClockAMt so

05 D~IAChdpUl  AMI so

I

06 Dau En AM t .sKJ

01 asccsyncAt41 .SIO

04 NC .-

08 NC .-

09 NC .-

03 Sign4  Gad lV2 AM1 .OND

01 ChrPicChdAMI  .-

laafcacodc

ch sbr, P&.

Btt CL-l-- - D

011  DDA- - 0

Btl Df!M. - D

Bll SYV-  - D

OND

AMSU-Al
Ref. : MO-IC-MMT-A14001
Issue :2 Rev.: 0
Date : April 7* 1998
Page : 3.72

Fomctlom  : Digital B Data  Cotta.-Type  : DEMAJHP-NMB
l.aatba: 305 Bmclubell

CTW  SL-u

DA01 SL-24
ON01 St..-M

sTo2 SL24

om7 SLM

TBD

comment htlt. Loc. c!o88ector  Ptn

NIU 240 NIUUO  Pxx

MU uo NIUUO Pxx
NIU 240 MUUO Pxx
MU 240 NW240  Pu

Nru 240 NIUUO Pxx

I
T&e 3.5.4/6  : Pin Alfocutbn  List of Connector PO2

(For Information Only)

Connector : FAMI305PO3 Item : AMSU-1 Foactiom  : I .248  MHz  Clock Connz’Qpe  : RFL6321  -!IO(M 1) ’
’

EMC-Caqpry  : F LocBth:  305 Bdddl : TBD

.n
laafracode omg(l ‘,

Ptn Slgnd  Ddpttm I Clrc  St& P a .  IadD WltbS tad thbk Tr# Itzzammant I Ed-It. LaG Connector Ptn INcs

C 1.248MHzClockAMl .SIG et2 CLR- - D CR01  TRl-24 NlU 240 NlU240  Pu

IS 1.246 MHz Cl.Rta  AMI JSHD 812 CLR- - 7 CR01 TRI-24 sea F’ir.  3.S.2.26 NIU 240 NliJUO  Pu

OS CABLE SHIELD .OSHD S!fD - 0

Table 3.5.417  : PJn AUocatton  Lid of Connector PO3

(For Infommtion  Only)
. .

I
__

113blCD.doc) s



Connector : 2AMl305PO4 ltcm : AMSl.J.1

EMC-Catqorj : 2

Ptn skml lkduldal

I6

17
18
19
I2
13
24
2s
10
II
20 :
21
22
23
01

MdlPnDiwAMI

Sluviv~ltbf%loO  AMI

Mdl Toully  Off AMI

ScaMaAl-2PwlAMI
Cold CII fb AMI
phauLook SCIAMI
Ant Nad Pea AMI
CddCalPwMsbAMI
MdlPwComcdAMI
SlmivdHwmoft.AMl
ScannerAl-I  Pwr  AMI

WumCalh~~AMl

Full SCM AMI
Cold  Cal Pcm LSB AMI
+IOVVFBucAMI
tlOV  VFBuc  AMI

tIOV l@BurAMI
+lOV VF Bus  AMI
NC
NC
NC
NC

NC

NC

Chruic  Gad AM I

.SIO

.SIO

.SIO

.SIO

.SIO

.SIO

.SIO

.SIcl

.SICl

.SIO

.SIO

.SIO

.SIO

.SIG

.SUP

.RTN

.SlJP

.RlN

.-

.-

.a

.-

.-
_-
. .

Ierfrccccde
a r t  slcml Pa

010 CCP- - D
010 CCF- - D
010 CCL- -D
010 M- - D
010 M- - D
010 CCL- - D
010 M- - D
010 CCL- - D
010 CCP- - D
010 CCP- - D
010 M- - D
010 M- -D
010 M- - D :,
010 M- - D
El3 DPB- - D
El3 DPB- . 7
El3 . D
El3 f 7

AMSU-Al

Foactioa  : Command1 Cona.-Type  : DBMA-25P-NMB

LQatba:  3 0 5 B~ckshcil  :

ompiw
an, vvlrbm  ad cab&  Tti

“P30 SL-24
,P3l SL-u
“LOO SL-u
x.01 SL-M
‘LO2 SL-24
ZLO3 SL-24
3LO4 SL-24
x05 SL-u
‘P32 SL-24
3P33 SL-u
x06 SL-24
IL07 SL-24
ILO8 SL-24
x09 SL-24
3802 -Iv24
3802 IT-24

lBD

CommaIt

‘ial2mdPin24
%al3mdPioZ
aedlawdeadlu
he P-coollectu

Ref. : MO-IC:MMT-AI -C
Issue 12 Rev.: 0
Date : April 7Lh 1998
Page : 3.33

bd4. hr. coonector  Pbl

YIU 240 NW240 Pxx
YIU
VIU
WJ
WJ
VIU
WJ
YIU 240
WJ : 24d
au 240
au 240
WJ 240
UIU 240
UIU 240
WJ 240
$10 240

240 NW240 Pu
240 NlU240 Pxx
240 NW240 Pu
240 NlU2.fO Pax
240 NW240 Pu
240 NlUUOPxx

NW240 Pu
NW240  Pxx
NW240 Pxx
NW240 Pxx
NlUUOi’u
NIUUO  Pu
NIUUO Pxx
NIIJUO Pa
NW240  Pu

:

Table 3.5.4/8  : fin Allocation Lid of Connector PO4 (For Information Only) : ,,

1 IAMl3blCD.docl



Connrclor  : 2AMI .305PO5 Itrm  : AMSU.  1 Functloa  : Digid B Telemetry Cona.-Type : DAMA- 1 SP-NMB

kxlC-C~tqoq : 2 LQatba: 305 B~cbbcU : TEtD

Ph SIpal tkdpdal

02

03

OS

06

07

09

11

12

1
13

14

IS

04

MdlPWllLMAMl

C0ld~MSBTi.M  AMI

Smllna AI-2lLMAMl

Cold Cd Pat I-LM AMI

PheLmkLoqftLM Ahll

Swival  Hb Tl.M AM1

ColdCatPo&SBTLM AMI

Scanner  Al-l TLM AM1

WannCalPaTtMAMI

Ant Nd Pm ‘TLM  AMI

Full Scan  lLM AM1

NC

08 NC

IO NC

01 Cluwic  God AM 1

30

.SIO

.SfO

.SIO

.SIO

.SIO

.SIO

SIG

std

.SfCi

SK3

.-

.-

.-

.-

latufre-code

Clrc slpll Pa

032 TLD - D

032 TLD - D

032 TLC% - D

032 TLD - D

032 TLD -0

032 TLD - ,D

032 TLD. - D

032 TLC% - D

032 TLD - D

032 TLD - D

032 TLD - D

I I3blCD.docl

AMSU-Al
Ref. : MO-IC-MMT-Al-0001
Issue :2 Rev.: 0
Date : April 7” 1998
Page : 3.74

3.tD wlhg sd cabk TWbi

ID29 SL-24

ID30 SL-24

rD31 SL-24

rD32 SL-24

rD33 SL-24

rD34 si-u

ID35 SL-24

rD36 SL-24

ID37 SL-2A

ID38 SLU

rD3i SL-u

NIU

NIU

NIU

NIU

NIU

NIU

NIU

NIU

NIU

NIU

NIU

Table 3.5419  : pin Allowtim Lid of Connector PO5

(For Information Only)

. .

240 NlU240  Pu

240 NlU240 Pxx

240 NIU240  Pu

240 NlU240  Pu

240 NIU240 Pxx

240 NIU240  Pax

240 NIUUO  Pxx

240 NlU240  PU

240 NlU240  Pxx

240 NlUUOPu  ‘,

240 NIUUO Pu
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Date : April ?’ 1998
Page : 3.15

Connector : 2AMl305Kl6 Item : AMSU-I Fuactioo  : Analog Telemcby Coon.-Type  : DCMA-37S-NhjB

FMC-CMcpry : 2 LaKMioll:  305 Backhell  :

02 RFShCUAI-lTCmpAMI
0 3 Al-l Scu&lotT&pAMI
04 WumLoutAl-1TempAMI
06 PLLO #2Lo&Dct  AM 1
01 Al-l IXvMatCwrAMI
09 +ISVDC  (AacDrv)  AMI
10 tSVDC (AaDrv)  AMI
11 tlSVDC(SigProc)AMI
12 t5VDC (SigRoc)  AM1
13 +IOVDCLOCH3AMl
1 4 tlOVDCLOCHSAMI
I5 t IOVDC  LO CH7 AM1
16 tlSVDCCHWl4  AMI
17 tIOVDC  RCVRMimAMI
I8 tISVDC  LO CHIS  AM1
2 1 RFSkKAl-2TUllpAMl
2 2 A~-?S~MM~T~~~AMI
2 3 WunhmiAI-2TenpAMl
2 5 PLLO #lLockh AMI
2 7 Al-2 D~M~~C~TAM~
2a -IWDC(ht h)AMl
2 9 -ISVDC(SigFmc)AMI
3 0 t IOVDC  LO CH4 AM1
31 tIOVDCLOCH6AMI
3 2 +IOVDCLOCHaAYI
3 3 -15VDCCH9114  AMI
3 4 taVDC  (Jkeiver)AMI
2 0 t2aV Swc TLM BIU AMI
0 5 NC
01 NC
19 NC

2 4 NC
2 6 NC

.35 NC
3 6 NC
3 7 NC
01 Chusis Ood AM I

SO
.SIO
A0
.SIO
.SIO
.SIO
.SIO
.SIO
.SIO
.SIO
.SIO
.SIO
.SIO
.SIO
.SIO
SIO
.SlO
.SlO
SIO
.SIO
.SIO
.SIO
.SIO
310
.SIO
.SIO
SIG
.RTN

.-
. .-
. .-

.-

.-

.-

.-

. .
.

IdUf~COdC
ck St&ml ?a.
0 2 7  TLA-
027 TlA-
027 ILA-
02a n._~-
031 ILA-
030 TLA-
030 m-
030 TLA-
030 Tu-
030 ILA-
030 ‘Iu-
030 TLA-
030 llA-
030 ILA-
030 M-
027 M-
027 M-
027 M-
026 M-
031 ILA-
029 M-
029 M-
030 M-
030 -nA-
030 M-
029 M-
030 M -

- D
- D
-D
- D
- D
- D
- D
-D
- D
: D
- D
- D
-D
-D
-D
-D
-D
- D
- D
- D
- D
- D
- D
- D
- D
- D
- D

ompis
CLID Wlrh  SW  Cable Twhi
TA3a SL-24
TA39 SL-24
TA40 SL-2.4
TA41 SiJA
TA42 SL-u
TA43 SL-24
TA44 SL-U
TA4J SL-24
TA46 SL-24
TA47 SL-24
TA46 SL-24
TA49 SL-24
TAJO SL-24
TASI SL-24
TA52 SLU
TAS4 SL24
TA55 SL-U
TA56 SL-2A
TA57 SL-24
TA56 SL-u
TAS9 SL-24
TA60 SL-2A
TA61 SL-2A
TA62 SL-24
TA63 SL-2A
TA64 SL-24
TA65 SL-24

2aeMmlt

TBD

Ed-It. LOG con&r Pbl
2 4 0 NllJ240 Pti

NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU
NIU

240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240

a

NlUUOPu
NlU240  Pu
NIU240  Pxx
‘NIUUO  Pxx
NlU240  Pu
NHJ240  Pu
NHJUO Pu
NHJUO  Pxx
NIUUO Pa
NHJUO Pu
NlU2.40  Pax
NIUUO  Pxx
NIU240 Pu
NIti Pxx
NHJUO Pxx
NIUUO Pxx
NHJ240  Pax
NHJUO  Pxx
NHJUO Pu
NHJUO Pax
NHJ240  Pix
NIUUO Pu
NlrtUO Pxx
NlU240  Pu

,’ NIUUO I%JI
NlUUOPxx  -

Table 3.5.4/10  : pin All&cation tit of Connector PO4

(For Information Only)

1 IAM I3blCD.docl
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3.6. TEST INTERFACES

3.6.1. Ele&ical  Test Interface Requirements

3.6.1.1. Interface Data Sheets

N/A.

Ref. : MO-IC-h4MT-Al-0001
Issue : 2 Rev.: 0

:A~ril7~1998  .
g : 3.76

.

3.6.1.2. Interlace Circuits

N/A.

3.6.2. Electrical Test Interface Connectors

4

Table 3.6.2-l identifies the test co- type at the AMSU-Al.

This connector is not for use on the METOP  satfzllite.

Connector

JO7

Connector-Type

TDIC37HS  *)

1

Fbnction

Test

*) IlT-Cannon  filter pin connector

T&k 3.42-I : Test Connector I)lpcs  at AMSU-AI Boxes

3.63. Electrical Test Intmfoce  Pin Ahcation  List

N/A.

1 IAWI 7hlCD  docl



3.7. HARNESS

The harness between METOP  units and the AMSU-Al is under  the reqmsibility  of the PLM, based on

the connector & pin lay-out definition ad elect&al  performaxes from 0 3.4 and 3.5.2.

I ,
. . -

-.
.

4
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Muu uAuo~r  SPACE AMSU-Al

3.8. EMC INTERFACE DESCRIPTION

3.8.1. Electrical Bonding .

3.8.1.1. General

The AMSU-Al is eleUrkally bonded to t.kMETOP spa&craft’ stnkture  dy means of a. mOP .’

~ppliedbbndingsoapthatisboltcdtotheirstnunentotlocationw.  .  -
-

3.8.12.
:

Joint Faces
*

N/A for AMSU-Al : AMSU-Al  is thermally isolated.

3.8.1.3. stnlctllral  Parts

3.8.1.3.1.

N/A.

3.8.1.3.2.

N/A

3.8.1.3.3.

N/A.

3.8.1.3.4.

N/A.

3.8.1.3.5.

DC Resistance Between Mating Me&l Stncture Parts

Boding of Moveable  Parts

Bonding of Structural CFRP Parts

Bonding of Carbon Fibre  Face Sheas

Bonding of Alumin.ium Honeycomb

3.8.1.3.6. Bonding of Metal Fittings

NIA.

3.8.1.4. Unit Housings

3.8.1.4.1. Bonding of Unit Cases

N/A to AMSU-Al.



Ref. : MO-IC-h4h4T-AI-OOOl

3.8.1.4.2. Bonding of Tbmnally Isolated Boxes

AMSU-Alcasesshallbebondedtospacecraftsquctureviaabondingstrapwitha~leogthto

widtfiratioof5:l.Theresi~betweenunitcaseandcleanaluminiumsaucture

.

3.8. L4.3. Bonding of Unit Mounted on CFRP of Non-Conductive Park
. ‘.

N/A to AMSU-Al.

3.8.1.4.4: DC Resistance Between  AdjacentUnit  Case Patts

I
N/A to AMSU-Al. 4

-

3.8.1.4.5. DCR&staxeBehveenBondingStudatuIMamtingFeet

N/A to AMSU-Al.

3.8.1.5. Thermal  Blankek . .

3.8.1.5.1. Bonding ofThermal  Blankets

3.8.1.6. Other Conductive Components

I N/A for AMSU-A 1.

3.8.1.7. Cable and Harness Shields

N/A for AM!%-Al.

3.8.1.8. Connectors

N/A for AMSU-Al.
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3.83. Grounding and Isolation

The grounding system of the instrument shall  use separate grounds  (see Figure 3.8.2-l) as follows :

. + 28 V Main Power Ground

. +28VSwitchedTLMBus

’ +28VP@eLoadBus

- -+ 10 V Interface Ground

. Signal Ground

I

3.8.2.1. + 28 V Main Power Ground

3.8.2.2. + 28 V Switched Telemetry Ground

The + 28 V switched telemetry return is grounded within the PCU to structure.

3.83.4. + 10 V Interface Ground

3.835. SIgnal Ground

I
Signal ground  is Ue power return line for the seconby side of the instruant  DC/DC converters. The -*

111

signal  grcund is provided on Pin 3 of instkment  connector J02.
I

.
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Figure 3.&2-I  : Gmuding  and Isolation Concept fsr AMSU-AI
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3.83. Shielding

3 8 3 . 1 . Wire Shielding

3X3.1.1. Bonding of Shields

NIA

3.8.3.1.2. Overall  Shield

N/A ,

AMSU-Al
Rd. : MO-IC-MMT-Al-0001
I!+slle :2 Rev.: 0

: Apri17a1!m  .
ze : 3.82

4

3.8.3.1.3. Shields as Current-Carrying Conductors

Shieldsshallnotbeusedasinteationalcurrent~cooductasandnotasrenualioesforpower
and signal with the exception of the RF coaxial lines.

3.83.2. Case Shielding

N/A

3.8.4. AMSU-Al Frequency Charmteristics

The channel characteristics are given in 9 1.22

me IxXlchannel  f!rEqllencies are :



I

I

3.85. Magnetic Moment

AMSU-Al
Rd. : ~0_1C-MhO-A1-0001
Issue :2 Rev.: 0
Daft :~pril7’1998
paSe : 3.83

List of Magnetic Material

Magnetic materials used in the ioshument  a~ listed in Table 3.8h5.~1 . .
. i --. ,

Material Stnndrvd m e - . Remark. -_

name of material AISI e&i sof /hard _-

~DAMsl T%Ms, TWMSl 4

._

. .

Table 3.65~1:  Magqetic Materiak  Used in the Insbwmenl

3.8.6. EMC Performance Requiremenk

?he EMC perfmances  for the AMSU-Al are dealt within 0 4.3.

. _:.

.
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3.9. RF INTERFACE DESCRIPTION

3.9.1. MaximumAbwedInterference

The  in-band criterion for the maximum allowed receiver inttxference  is aSthiZifltfdtXiIkgpOWC!X

(referred at the input waveguide)  that shall not edtempczatureb~more  .

than 20 %.of  the temperaMe  sensitivity of that _’ ,__‘_’

ibbmer, e out-of-band criterion fo; the

interfering  power (referred at the inpit  waveguide) that degrade y instrument linearity by

more than 0.01 96 (criterion TBCMI).

The maximum level authori& for a single line  spurious and and out-of-band, refer& at the input

waveguide) is illustrated in Table 3.9.1-1 for w 3 14 and in Table 3.9.1-3 for Channel  15. and

in Figure 3.9.1-1. ’

l’he maximum level fa broad-band noise-like si er the receiving bands is TBDMI  (dBmIHz).

Notes valid for Tables 3.9.1-1.3.9.1-2 and

Note 1 :

Note2:

N-3:

The in-band levels ncomputedbasedonthenominalfrequencyrangesandon

theNEATfkom#  1. :
owed  receivez  interferexes  far channels  9 to 14 are all met  by

ese in-band levels are illustmted  in Table 3.9.1-2.



_. -. _-
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3.9. RF INTERFACE DESCRIF’TION

3 . 9 . 1 . Maximum Allowed Interference

The in-band criterion for the maximum allowed receiver

II

(referred at the input waveguide) that shall not change

than 20 % of the temperature sensitivity of that

The maximum level authorized for a single line  spuri -band, referred at the input waveguide)  is

illustrated in’Tabk3.9.1-1  and in Figure 3.9.1-1.

whose frequency is oZ.side  the ranges indicated

in Table 3.9.1-  1 shall not change the reading measured temperature by more than 20 8 of the

temperature sensitivity of that channel, and er shall be below the following limit :

4OdESmupto  18GHz

then falling 6 dB per octav

Notes valid for Tables 3.9.1

frequency range takes the oscillator frequency drift into account (see 8
ne frequency stability).

and levels have been computed based on the nominal fkquency ranges and on

in-band maximum allowed  receiver interferences for channels 9 to 14 are all met by

the quoted envelope in Table 3.9.1- 1. These in-band levels are detailed in Table 3.9.1-2:

I I,\\1 I ‘ItI A.)
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3.9. RF INTERFACE DE!KRIPTION

.. 3.9.1. Maximum Allowed Interference

AMSU-Al
Issue. :2 Rev.: B

Z
: he 12m 1998
: 3.84

The in-band criterion for the maximum allowed receiver interference is defined as the interfering power

(referred at the input waveguide) that shah not change the reading of .the measured temperature by more
- -

than 20 8 of the temperature sensitivity of that channel (NEAT). . ,. .

The  maximum  level authorixd  for the total integrated power of spurious signals in the receiv&  ..

1 bandwidth (refetred at the input waveguide) is illustrated in :
I

a) Tables 3.9.1-1 and 3.9.1-2 for channels 3 to 14 (See Note 3).

b) Table 3.9.1-3 for channel 15

A summary is proposed Figure 3i9.14. . .

Moreover, any spurious referred, at the input waveguide, whose frequency is outside the above in-band

ranges, shall not change the reading of the rmzsured  temperature by more than 20 96 of the temperature
sensitivity of that channel. The maximum power author&xi for those out-of-band spurious is illustrated

in : .

a) Tables 3.9.1-1 and 3.9.1-2 for channels 3 to 14 (See kote  3).

b) Table 3.9.1-3 for channel 15

Notes valid for Tables 3.9.1-1.‘3.9.1-2  and’3.9.1-3  :

Note 1 :

Note ’ :&

Notc3:

I

The in-band frequency range takes the oscillator frequency drift into account (see 8
3.9.2. centre  frequency stability).

The in-band levels have been computed based on the nominal frequency ranges and on

the NEAT from 0 1.2.2.

The in-band maximum allowed receiver interferences for channels 9 to 14 are all met by

the quoted envelope in Table 3.9.1-  1. These  in-band levels are detailed in Table 3.9.1-2.
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TABLE 3.9.1-I : AMSU-AI TEMPLATE (Ch 3 - 15) /

Frequency Range (See Note 1)

From (GHz) To (GHz)

In-B&d 50.198 50.200. . . . . .. . . . . ..“...“-.-........-~.......w ,....I_
C h a n n e l 3

dBm

-87.-...-..- __._.

Channel 4

In-Band 53.371

-126

In-Band

Channel 6

I n - B a n d

- -86._.“........ ..-. . . ..“............--...
-126

54.629 -86

54.735 -86

-126

55.169 -86

55.325 ;86

55.675 -126

55.689 - 8 6

Baud incl.  / 56.897 56.901 -88. . . . . . . . . . . . . . . . . . . . . . . . . _..“...  . . . . . . . . . . . . . . . . . . I.-.__-  . . . . t..........-........ . . . . . . . . . . . . . . _.._  . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................
C h a n n e l s  9

%

56.901 57.680 -134 .

I.3 (Nor 3) 57.680 57.684 -88

111  -Band .87.347 87.370 -74

Ck6nnell5
.._  . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . _.-  . . . . . . . . . . . . . . . . . . . . k.... . . . . . . . _ . . . . . _ . . . . . _ . . . . . . . I.._  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .........................................

87.370 90.630 -114b . . . . . . . - . . . . . . . . . . _--_.I...__.l._.._...-.-  . . . . . . . . . . . . . . . . . .-..-^ -..-..-...-.....-...........-.......-............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
90.630 90.653 -74
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TABLE 3.9.1-2 : AMSU-AI Channels 9 / 14

Frequency Range (See Note I)

in-Band  .-“.___-“_I_57.102

Channel 9 57.125-....-.---_-_

5 7 . 0 2 3,- ..I..... --....-..-  -___
Channel 10 .-....-  . ..I_“l-“___ I ._-“-. ..- . . . .._.__ _,

57.547 -82

In-Band 56.897. . . ..-........... .w.....“m ” .-......._...........“.....“_“......
Channel 11 (a) 567.901 : 57.035- 1 2 8,.-.........- ““.._(

57.035 / 57.040 -88

in-Band - 8 857.541 57.545. . . . . . . . . - - - .
Channel 11 57.545 57.680 -1is. . . ..m....._ - ..-..I_--.

(b) 57.680 / 57.684 -88

In-Band . . ..A..._.........-  -9056.936 56.937 . __..“...  ..-...-...
Channel 12 (a) 56.937 56.999 . -130.._-..- --... .-.._...-__  . . . . . . ^_ ..__..__.. .

56.999 57.001 -90

In-Band 57.58 1 -90.._.. __..___. ._._.._._.._.._.._  . . . . . _..._ ._...........__.
Channel 12 -130U.P......“..” ----* ~~-----.....-.........““--. _....._..._.._ _.I__ .._......... I^_ . . . . . . . . . . .

(b) -90

In-Band 56.954 -92. . . ..--.....s_ . . . . ..I.. - . . . . _-_  I............................,
Channel 13 (a) 56.9826 -132-.-..y”-..........--_......... ._.__..  _.I_.._  . .._............................

56.9833 -92

In-Band 57.597 57.598 -92.---.-.-.---.--.--.--~-~  --..““.--..--.--“.............”  . . . . . . . . . . . . I___-.._  . . . . .._..._....._......................................
Channel 13/ 57.598 57.627 -132

(b) /
. . . . . . -_-..I ._... -----.--( .-.----....--.--......“..-  . . . . . . . . . . . . . . . -._.... . . . . .._..._.._  “.._ . .._.__..._.......................

57.627 57.628 -92

In-B&d 56.962 59.675
Channel 14 (a)

-134 (envelope)

In-Band
Ch. 14 (b)

57.606 -57.619 134 (envelope)

l
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TABLE 3.9.1-I : AMSU-AI TEMPLATE  (Cit.  3 - 14) 1 Cd 7-&c pf&sh

Frequency Range (See Note I) Levels  (See Note 2)

From (GHz) To (GHz) dBm

Out-of-Band 0 4O.ooo  0,“.”  . . . . “...“.“_ .--... 8 em ---..
-4o.ooo  50.198 “-31 ..-- _ ._.

In-Band 50.198 . . 50.200, -87 ;;. . . . . . . . . . ..“.“_.....” u..“...~......  w __

Channel 3: 50.200 50.400 -127..” . . . . . . “..........--...._,...~...,  ,--- , ,--
.

. . . . . . . . . . . . . ..“.“.._  -..-_--  . . . . “P--.-m  - _......“....
Channel 4 ““........“-----...,....,  b”....  53.029- _...“..,

53.005 -86

Out-of-Band 53.029 53.371 -31

In-Band 53.371 53.391 -86.“.....“......_
-- -*-Channel 5 53.391 53.801...-.~r...-“........--“.. ---_. ._ -126 _

53.801 53.822 -86

In-Band 54.171 54.195 -86,...._.................. _--........--......---...
Channel 6 54.195 54.605 -126..I--- -- ,--. ..----,_-

54.605 54.629 -86

Our-of-Band 54.629 54.7 11 -30

In-Band 54.711 54.735 -86--” . . -“......-“.--. .-....-...-...-..-.-.....-..
Channel 7 54.735 55,145 -126,-_---.-. . ..--.- .-. .I.._.._._.__  -. .“-..m...“-.....  . . . . ...” . . . . .L.L . . .._ _ . . . . . .

55.145 55.169 -86

Our-of-Band 55.169 55.311 -30

In-Band 55.311 55.325 -86.--.. -. m_ . . . . . . . . . . . ..-.....  . . . . . . . . . . . . . . “......_ .I...... - .__.... -..” . . . . . . . . . . . . . .
Channel 8 55.325 55.675 -126.--- . . .- . .._...-................... . . . . ..-_...  -- _..I_  I_.._ . . . . . . . . . . . . .

55.675 55.689 -86

Our-of- Band 55.689 56.897 -30

Band mcl. 56.897 56.901 -88--__ ,- . . . ..---....-....-“..... . . . .....l..--....l”-... . . . . . . _
*Channels 9 to 56.901 57.680 * -134

I4 (Note  3) 57.680 57.684 -88

Our-of-Band 57.684 6Q.ooo -30

6o.ooo  2oo.ooo  -19

.
i

.-- I





MO.IC-MMT-Al-0001
2 Rev.: 0

AMSU-Al
Ref.  :
Issue :

ig. I
April 7m 1998
3.85

/

TABLE 3.9.1-I : AhfSV-AI TEMPLATE (C-h. 3 - 14) /
Frequency Bange  (See Note I)

From (GHz) To (GHz) dBm

Out-of-Band 0 4O.Oob / 0

SO.1984O.ooo i’ - 3 1

. . 3’0.200
4

_In-Band 50.198 - / -87

channel3~’ 5 0 . 2 0 0 50.400 -127 3

5O.W 50.402 / 4 -87

Out-of-Band 50.402 52.571/ -31

In-Band 52.571 -86. 52.59#

channel4 52.595 53jb5 -126

53.005 ti.029 -86

Out-of-Band 53.029 / 53.371 -31

In-Band 53.371 / 53.391 -86

channels 53.391 53.801 -126

53.801 53.822 -86

Out-of-Band 53.822 54.171 -30

In-Band 54.171 54.195 -86

Clmmel6 54.195 / 54.605 -126

54.605 / 54.629 -86

Out-of-Band 54.62$ 54.711 -30

In-Band 54&l 54.735 -86

ulMoel7 .735 55.145 -126.

/55.145 55.169 -86

Oubof-Band / 55.169 55.311 -30

In-Band ’ 55.311 55.325 -86

Chamel8 55.325 55.675 -126

55.675 55.689 -86

Our-of-Bald 55.689 . 56.897 -30

Band mcL 56.897 56.901 -88

c7lunneLr9ro -56.901 57.680 -134-
-14 (Note 3) 57.680 57.684 -88

Out-of-Band 57.684 6o.ooo -30

6o.ooo 2oo.ooo -19

A

. .:’

3 AP =k (Bohnann)  x 20% x NeAT  x B (channel bandwidtb)
IOxLCXXNEAT)  + lOxLOG(20%)  - 198.6 + lOxLOG(  50.39 E+6 - 50.21 E+6 ) =
lOxLOG(O.4)  + lOxLCKXO.2)  - 198.6 + 1OxLOG(18OOOOOW)  = -127.02 dBm

I r,\‘*lL.rr,A.  I



Ref. : MO-IC-MMT-Al-0001

In-Bond

TABLE 3.9.1-2.: AMS.U-Al Channels 9114 /
Frequency Range (See Note 1)

From (Gtlz) To(GHz) &Bm
57.102 5 7 . 1 2 1 5  : ,“ -86 .

aIanne!l9 57.125 57.456. _ ‘-126, ;, __

_57.456 57.499 -86

In-Band 57.023 57.034 / -82
r

channel10 I 57.034 I 57.547 / I ’ -124 I

57.547

.I&Band 56.897 56,401 -88

57.035 / 57.040 -88

In-Band 57.541 57.545 -88

alannelll 57.545 57.680 -128

(b) ! 57.680 I / 57.684 ! ~~~ -88

In-Band : 56.936 56.937 -90

Channel 12 (a) 56.937 56.999 -130

56.999 57.001 -90

In-Band 57580 57581 -90
chmel I2 57.581/ 57.644 -130 .:.

(b) 57q4 57.645 -90

In-Band 56b53 56.954 -92

Channetll3 (a) . 56.9826 -132 -\
/56.9826

.P--.._ I
56.9833 -92 . .

In-Band / 57597 57.598 -92- . -__l.__-.......I__”
ulmmeI  13 / 57598 57.627 -132

(b) / 57.627 57.628 -92

I n - B a n d  1’ 56.962
CIunnd  14 (dj

59.675 - 134 (envelope)

In-Band
Ch. 14 (b)

57.606 .57.619 - 134 (envelope)
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I TABLE 3.9.1-2 : AMSU-AI  Channels 9 / 14 I

Frequency Range (See Note I) Levelr  (See Note 2)

From (GHz) To (GHz) dBm
_-

In-bind. 5 7 . 1 0 2  -..“................-._IP._..- ^“.“......-.  ..P 57.1215  - : _..-_~-_-86”.__.._.~_;
C h a n n e l 9 57.125 57.456 _

_126 - ..
--

. . ~..‘...--“.“..“..-“.---“..“.“~.-”~--. ~ __. _” .

I I 57.456 _- 57.479 - 1 -86 ‘.

I I

I
In-Band 57.023 - 57.034 -82... ..--.....“..+.....__^“......... .“. ...1 . . . . . . _.....A.“... ..- .“_.........” ..-. . . . -. -1

1 Channel 10 I
I L .. . . .  “..” . . . .._..........P““..” _.......... &.“.““.“-..- .._. - .I__.. -.__- . ...-.--“..

I 57.547 57.558 -82.
I

In-Band 56.897 56.901 -88. ..“.... . . . . . . “....  . . . . “......  __I_._-..... . . . ..-.“_.i.. . . . . . . . . . . . . . . . . . . . . ..“....“““.__.._....._
Channel 11 (a) 56.901 . - 57.035 -128.. . . . . . . . . . ...” . . . . . . . . . . . . .._” .. . . . . . --, . . . . . . . . . ..^..“......  --.-. “_._ ,._“._

57.035 57.040 -88

In-Band 5 7 . 5 4 1 57.545 -88. . .._.....-.  - __.._”  .__- - . . . . “..... .-... --- .- . . . . ..-...“..w _.-...-.- “..”
Channel 11 57.545 I . 57.680. . . . ..--...  . . . . . “.. . . . . . . ..-..-  -. -I  -128“VI_  .-....-..m--l...“m

(b) 57.680 57.684 -88

In-Band 56.937 -90S...........“............
Channel 12 (a) 56.999 -130. . . ..--..-

“_
. . . . . ...“.““_  . .._....._“_

57.001 -90

in-Band

Channel 12

(b) I

In-Band

Channel 13 (a)

In-Band 57.597 57.598 -92.--.-___I .-.-.-...., ,.-...-._“....“.....“....__..... ...I_.-..I.._^ . . . . ___ . . . . . . . . . . _ . . . . .
Channel 13 57.598 57.627 -132._...-I.^..--- ._..I_ . . . . --..... . . . . . . . . . . . I_..

(b) 57.627 57.628 -92

In-Band 56.962 59.675 - 134 (envelope)
Channel 14 (a)

In-Band
I

57.606
I

57.619
I

-134 (envelope)
Ch. 14 (b)
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Figure 3.9.1-I : AMSU-Al  Temphte
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I TABLE 3.9.X-3 : AMSU-AI TEMPLATE (Ch. 15)

Frequency Range (See Note I) Levels (See Note 2)

From (GHz) To (G&) dBm

O u t - o f - B a n d 0. . . . . - . . . . A....“.....~..._“.._. 5 9 . 0 0 0  _ - 0,...--7._._“_.___m.__. ..:L...------.- .. . . “..“....I
59.000 q-347 . -26 ~.

In-Band , < 8 7 . 3 4 7 8 7 . 3 7 0 - 7 4
.....-.F.““- _.......“............,... ..“.“._--- ---

Channel 15 87.370 90.630 -114. . . . . ““_.“.__“_-_-“.“..-.-., . ..._” . . -.---
90.630 90.653 -74

I Out-of-Band 90.653 105.000 -25

105.ooo  . 2Oo.ooo I -19

f-l : : : : : :.____._..--..____---.~~~~---.~  .__----_ -__----.  _ _.
xl 100 IS0 200

h-w-Y (cm

Figure 3.9.14  : AMSU-AI Template
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3.9.2. Local  Oscillator Emissivity

‘Ihe AMSU-Al produces the following emissions at the input waveguide :

channels Centre Frequency

3 50300.. . . . . . . . . . . . . . . . . . . . . . . _..-  . . ...” . . . . . . . . . . .._ I “- .-__.  -.__L..“-
4 52800

5 53596k  115. . . . . . . . . . . . . . . . . . “” . . ...” . . . . . _I._  . . . . “..._.. r~.l...~-n.l-.,“.~.~.-.-,,
6 ’ 5 4 4 0 0

Emisjo,ps  (dBm)
at Receiver Level

- 4 8

-....-“-. -........................
48

“_....“....

..____l.l._l”_..-_._ll.._...----- . . . . -.-1.1.1-  ..__ -- -_...  “.._..

89.0 GHz f 130.0 -56



.
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3.9.2. Local Oscillator Emissivity

The AMSU-Al produces the following emissions at the input waveguide :

Channels Centre Frequency Centre Frequency Emissions (dBm)
W-W Stability (MHz) at Receiver Level

3 ‘,’ 50300 + lO.O-  . -48
. . . . . . . . . . . . . . ..I...._ -... . . . . . . . . . . . . .. . . . . ..-~-.-.--.....- .-m ---...-- . . . . . “i..

4
. . . . . . “.” . . . . . . . . . ,.......- . 52800 , ,;48

. . . . . . . . . “.... ._.__”  . . . . . ..-......._  “-.A”. k5.0 ~~“~.~.~.
5. 53596 * 1 i5 f 5 . 0  ‘.‘, 4 8. . . . . . . . . . . . . . . . . . . . . . . ..“L  .. . . . “_.“..+.““. ._“.“.....__^  .. . . . . . . . . . . .-.-.....  . “_....._.
6 54400 25.0 -48. . . . . . . . . . . . . . . . . . . . . . “............”  . ...”  . . . . . . . ...“. . ..“...._  . ..___  . .._................“.....” ..--.-...._.I_ . . . . . . . . .._..I......--  . . . . . . . .
7 54940 f5.0 -48. . . . . . . . ...” . . . . . . . ...” . . . . .. . . . . . . . . . . ..-...-~...-“......-_-.........--- . ..--“-“.-.......~ .P.............PI...
8 55500 f 10.0 4 8. . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . “.“....“. ..-.._.. _.....“._. ----......-... - . . - - -
9 57290.344 = F,, 20.5 -48. . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . ..--.......... . . . . . ..“...... ,..--....mm-_._.__ ---.......
10 F&217’ f: 0.5 -48. . . . . . . . . . . . . . . . . . . . . . . ..-......  . . . . . . . “” . . . . _.“.. ..-v....--P---..... ._-.. - .__.“.....““.““....”  . . . . . .
11 F,, f 322.2 * 1.2 .A48

+48. . . . . . . . . . . . . . . ^ . . . . . . _ . . . . . . . . . . . . 1_1......  . . . . . . . . . . . . . . ..---_.-..--....“. .---.....--_“_-“....“........ .--- . . . . .
12 F,, f 322.2 f 1.2 -48

f22. . .._.._....._..._...--  - .._. ^.._ .. . . . . . I. -___ __.._” __..-. . ...“.” . . . . “........._..._..... --“....-“..-....._-..-..~
13 F,, f 322.2 f 0.5 -48

* 10I . . . . . .........--.--..---.l- . -m-.--p --..... . . . ..I
14 FL0  + 322.2 kO.5 - 4 8

k4.5~_.~._.._._.___._.___._.__. . ..----.- .P -.._.. -.- ._.__- ..__ - . ..I -_“.-..-__”  . . . . . . . . . . .
15 89.0 GHz f 130.0 -56

_ -. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

.
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MMRA MARCONI SPACE AMSU-Al

4.1. MECHANICAL / STRUCTURAL VERIFICATION

4.1.1. Structural Analysis

4.1.1.1. Quasi-Static Loads (Interface)

Requirement for analysis will be determined by outcome of acc&r&iation  analytic elts.

_ .

- .

The MEZTOP  requirements are dealt with in 8 238.
_. .

4.1.1.2. Stnwtural  /Dynamic Analyses

Requirement for analysis will be determined by outcome of accommodation analytic results.

4.1.1.3. Instrument Shock Environment .

The Ah4SU-Al  will be subject to the following shock environment :

METOP Shock Levels
(g peak, Se not.=)

lOOH 37 &!
9OOHz 350 g (Q > 10)

31Og(Q= 10)
2OOOI-b 350 g (Q > 10)

310g(Q= 10)
4OOOHZ 3OOg

Notes . .

The acceleration shall be derived from the curve
obtained by linear connection on a logarithmic
chart of the provided points
The shock spectrum in each direction of the three
orthogonal axes shall be equivalent to a half sine
pulse of 0.5 ms duration and 200 g (zero to peak)
amplitude.

4.1.2. Structural Tests

It is recognised  by the Single Space Segment Team of I&TOP.  that instrument’s capabilities are

different from the METOP  loads specified in 4 4.1.2. The instrument’s design and qualification status is

summarhxl  in Appendix of this section of the ICD. METOP’s  environment herein are initial predictions
and will be updated following future analysis and the satellite suuctural model test campaign.

4.1.2.1. Structural Mathematical Model Validation

Dchvered  structural mathematical  models (see # 2.2.8.5.) shall be verified by test and validated.



. ._
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4.1.2.2. Vibration Test : High Level Sine Sweep

The AhEW-Al will be subject to the sine vibration satellite level testing. preliminary  predicttons  Of the

worst case unposed environment are as follows :

METOP  High Level Sine Sweep Levels

(TBC-*) ’

. . Al l threeaxes  . .’

Q 6to2OHz k9.3mm.
U 2oto6OHz *15 g
A
L 6Oto1OOHz  +6g

sweep rate : 2 oct/min.

. Allthreeaxes

A . . 6to2OHz *7.5 mm
C 2Oto6OHz
C

*12g

6OtolOOHz  &.8g
sweep rate : 4 oct/min.

: To be confirmed/updated after structural model testing.

Notching : TBD,wI

Note : for instruments with natural frequencies below 100 Hz, notching shall be defined to maintain the
instrument interface loads within those predicted when the quasi-static design load-is applied to the

instrument, consistent with the launcher requirements.

Test instnunentation  for sine vibration at system level : TBDmsl

4.1.2.3. Vibration Test : Sine Burst

METOP  has no sine burst test requirement.

4.1.2.4. Vibration Test : Random Levels

The  AMSU-Al will be subject to an acoustic environment during satellite tests which will result in an

qur valcnt  random  input at the instrument interface. Prel.iminary  prediction of this input is as follows :
. *
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METOP Random Vibration Levels
CTBGIET  ‘1

l : To be confirmed / updated after suuctural  model testing.

4.1.2.5. Acoustic Test

The AMSU-A 1 will be subject to an acoustic test at satellite level. as follows :

Octave Band  Centre
Frequency (Hz)

31.5
63
125
250
500
1000
2ooo

Qualification Level Acceptance  Level Test Tolerance
(W (Flight Limit) kw
132 128 -2, +4
134 130 -1, +3
139 135 -1, +3
143 139 -1. +3
138 134 -1, +3
132 128 -1. +3
128 124 -1. +3
124 120 A,+4
120 116 -4.+4

Overall  level I 146 I 142
Test Duration 2 minutes 1 minute

-1. +3

The equivalent random environment is illustrated in 8 4.1.2.4.
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Goddard SD& Flieht  Center

Transient Load Current: Transient load currents drawn by the in~tmment  shall not exceed 125% of the maximum

average steady slate  current drawn from the +lO  V bus. Steady State operation shall be attained by within 50 ms from

the start of the transient

Test methods CEO1 and CEO3 are used in accordance with para.  4.3.3. An oscilloscope with a c&en1  p,robe  (D.C. to 3OMHz
minimum bandwidth) may be used in lieu of the EM meter specified by the test method.

b) METOP  requirement(for instrument charactexikation  only)

Conduct&d emission in the frequency range 30 Hz to 50 m which m& appear on t28 V k@ated power  busses and rewn
leads, in differential  and common mode, shall he within the maxi&m specified  levels of the Figore 4.3.1.1-l. The  heater power

bus is handled uniquely as indicated below.

Note: The maximum frequency of 50 MHz can be reduced to the highest fkquenp  (+9  harmonics) used $ the instrument.
The common mode CE requiremenl  is a METOP  specific  requirement.

Conducted Emksions, NB,DM,Chl,  Regulated 28V
Power Bus

140

120

0
WOE+01 lDoE+Q2 rmE+a3 lDoE+o4  lpoE+o5  l,ooE+os  WOE+07 1=+08

ror 1lM Fmquoncy  / Hz ‘- rmwk

Fig. 43.1. I-J : Conducted Emission Limit NB, 28VReg. Power Leads,  PLM Instrument

[A\l14wkl.doc]
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4.3. EMC VERIFICATION

4.3.1. EMC Performance Requirements

4.3.1.1 Conducted Emission

The conducted emission on each individual power line shall not exceed the limits asgiven &loqv-

a) AMSU_P 1 Des&+ Requirements .

. -

Conducted Emissions on U&28 Volt Main Bus and +28 Volt Switched Telemetry Bus

Load Current Ripple: The peak to peak amplitude of the stady state load current ripple shall not exceed 2% of the

maximum average steady state current drawn by the unit from the +28 V Main bus. The fundamental fquency of load

current npple shall not excted?FkHz.

LoadCurrent Rate. The rate of change of load currerit shall not exceed 20 ma&.

Transient  Load Current: Exclusive of instrument tunwn,  transient load currents drawl by the instrument shall not

clrrcd 150% of state current drawn from the +28 V Main bti. Steady State operation

sh;lll bc attamcd by om the Stan  of the transient. A transient is defined as an event having a duration of

less than 50 ms. Swc is defined as an event having a duration of greater than 50 ms, non

rCpcUll\C.

Turn-On transient At turn-on. the combined current drawn from all +28 Volt busses shall not exceed 3 Amperes peak

Srue slate operation  shall be attained within 1 second form the start of the turnan transient.

Conduacd  Emlsslons  on the +28 Volt Pulse Load Bus

Load Current Rtpple The peak to peak amplitude of steady state load current ripple shall not exceed 10% of the

maumum  average current drawn by the unit from the +zS Pulse Load bus. This current ripple excludes repetitive

current pulses created by-stepper motor or heater switching loads. The fundamental frequency of the load current npple

shall no1 exceed 500 ti

Load Current Rate The rate of change of load current shall not exazed  30 ma/~.

N;L\lmum Cuncnt Pulse load: The maximum current pulse load shall not exceed

dunuon  of 1 saond

J_ :_

1 Ampere and shall have a maximum

Conducted Enussslons  on the + 10 Volt Interface Bus

Load Current R~pplc:  IIe peak to peak amplitude of the steady state load current ripple shall not exozed  5% of the

mawmum average steady state current drawn by the unit hrn the +lO V bus. The fundamental fi-equency  of load
current npple shall not exceed 2.5 MHz.

Load Current Rate: The rate of change of load cwent shall not exceed 20 ma/p.
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4.2.. THEXMAL  VERIFICATION : THERMAL TESTS

42.1. Thermal  Balance Test

Ref.  :
issue :.gr

Mo-Ic-hwT-A1-oool
* 0

ipin?&
4.4

AthermalBalanceT~~)shallvalidatetheinstrumntthamalcoohrdandaccommodatioaoa

METOP,  and the AMSU-Al tbmal mathematical model used for the tempaature predictions for all
flight cases (correlation of this it&tument  model within the METOP  tkrmal envif& witi an

accuracy better than +.5 deg. C on insmmxmt  transient and spzadpstatc  cases). This  will be pufcrmal

during the METOP  systeq TB Tess p rm

wty.

4.2.2. Thermal Vacuum Tsts

The thermal  cycle vacuum tests at instntment  level evaluate add dtmorrsaate thefuLlctionalpaformancc
ofcachunitunderthewruemandnominalmodtsofoperaiionwhileinvacuumandattcmpaaturcs

more extreme than predicted for the orbit ccditions.

The instrument (EM) quaIification thermal vacuum test  iducks one c&k with a 12-hour  dweU at the

extremes of temperature.  The test tempeature  CXU~LIS are 10 deg. C bcycnxl  tk expected cxbital

qxrational  temperawe limits.

mcudcd l

opcratioaallimit_5andatthenominalopuatingtaqaawc nlecurran&sttanpuature-ti~are

c48ckg.cand-12deg.c.

_ :.. .
@.

.



0 Ltm
l.E+Ol l-E+02 l.m-03 l-E+04 l.E+05 l.E& lE+O7 l.E+08

1oHz ‘, 1kHZ Fr&mcy/Hz’  ’ lMHz
lOOMH2

Fig. 43.1.1-I : Chducted  Em&ion  Limit, NB, DiU, CM, 28V Reg. Power Lads, PLM Instrz#nmt

140

120

20

0

l,OOE+O1 l,OOE+O2  l,OOE+O3  l,OOE+O4  l,OOE+O5  l,OOE+O6  l.OO&i7 l,OOE+O8

lOH2 lkH2 Frequency /‘Hz lMH2 1OOMHz

Fig. 4.3.1.1-2  : Gmducted Emission Limit, NB, DM, Thmnal  Conb-ol Heatm
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4.3. EMC VERIFICATION

43.1. EMC PerformaoceRequhnenk

4.3.1.1. Conducted Emission
-s

Ihe comiuued emission on each individual power  line shall not exceed the limits & give0 below. _
c

4.3.1.1.1. ‘AlviSUAl  DesignRequirements

Conducted Emissions on the +28 Vdt Main Bus and +28 Vdt Switched Telemetry BUS

Load Current Ripple

Thepeaktopeakamplitudeofthesteadystateloadcurrentrippleshallnot~~2%ofthemaximum
average study  state current drawn by tk unit from the +28 V Main bus. Tk funrlamtnratfwuencyof
load current ripple shall not exceed 500 kH2.

Inrush Current Rate (Load Current Rate)

The rate of change of load current shall wt exceed 20 mkVp.

Inrush Current (Transient bad Current)

Requirement per individual bus.

Exclusive of instrument turn-on.  transient load curtents  drawn by the ins- shall not  exceed 150 %

of the maximum average steady state current drawn from the +28  V Main bus. Steady State operation

shallbeattainedbywithin30msliomthestaRofthetransient.A~‘amiemisdefinedasan~~
having  a duration of less than 50 ms,  non-repetitive.
duration  of greater than 50 ms, non repetitive.

Steady State is &fm& as an event having a

Requirement for combined 28 V busses.

A1 turn-on.  the combined &rent drawn ftom  all +28

Steady state operation shall be attained  within 1 second form the start of the turn-on transient.

Conducted Emissions on the +28 Vdt Pulse Load  Bus

bad Current Ripple

The peak to peak amplitude of steady state load current ripple shall not exceed 10 % of the maximum

average current drawn by the unit from the +28  Pulse Load bus. This current ripple excludes repetitive

current pulses created by stepper  mator  or heater  switching loads. Th?  fundamental frequency of the

load current  ripple shall not exceed 500 kH2.

inrush Current Rate (Lmd Current Rate)

The rate of change of load current shall not exceed 30 mA+s.
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MO-IC-MMT-Al-0001

Gmund  Plane

Fig. 4.3.1.2-l : Common Mode Noise Test on the +28 V Main Bus

Fig. 4.3.1.2-2  : Common Mode Noise Test on the + 10 V Interface Bus

1 [Am I.lwd.dcc]
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43.13. Conducted Susceptibility _

Frequency Domain

The!instrumentshalloQeratewithout&gra&d@amance inthepr~ofsinusoidalnoiseanlpled  -

intothepowerksbehm4mtkjiqwncyrange3OHzand15olrHz:

+28VMainBus/28VSwitckdlLh4Bus in- V o l t a g e  . ,mmVpp

+28vPulseLoadbu injec&dVoltoge  4OOmVpp

+lO f’ interface Bus

netestset-upshal1beinmto54.3.3.

injected Voltage _* 1OOmVpp
4

Time Domain

Theinstrumentshalloperatewithout~perfnmance wknsubjxtedtoaseiesoftransient

pulses, 10~inwidthandPRFoflOHzeppliedtothepoweriinesf~lOmin.:

+28VMainBus/28VSwitchedTLh4Bus spike level +lOV/-12v

+28vPulseLoadbus spike level +8V!-13V

+lO V Interfa~  Bus spike level +l V/-l v

The  test method CSO6 shall be in aamdawe to 0 4.3.3.

Special METOP  Requirement

For instrumem  charac&sation  only.  hdEI’OP assumes compatibilityofthz!instrumemwiththese

requirements.

I

In addition  to above r~, the Al&U-Al will expcxiare  a common mock simlsoidal noise 300
mVppinthefrequencyrange100~aadSOMHz’Ibenoisewillbeiojeaedbetween:

the+28Vmainbusrenrmlineaadunithousing.occordingtoRgure4.3.1.2-1
e ‘I

\

and the + 10 V interface bus return line and unit housing, according to Figure 4.3.1.2-2
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Frequ=~rw~ Radiation Lit
(MHz) WW

118.00 - 120.000 -100

120.000 - 121,.450 -125

121.450 - 121.485 -145 .

Efield  Limit
(a irvm*

For Reference Only

18-9

- 4. -*

-26

Notes

121,5 rgHz

121.5 M&z

121.5 MHz
,



43.13. Radiated Emission

4.3.1.3.1. Mil-std-REO2  Reqlirements

.Broad-band and Narrow-band radiated emission measuren~!W shall be made over the fhquency  range

of14kHzto2GHzinauxdaxe with Mil-Std 461/462  RE02 .requiremeats.  Far the discre$  ADCS

ami SARP-3  sensitive.bads  listed below, broad-bad noise and discrete  si@ls shall not exceed  -60

dBmwheutestedinaccardance withthemethodsofQ4.3.1.3.2below.~  .

59.458 MHZ * 0.5 kH2

_

-

141.36OMHzio.5  kH2 142.900 MHz f 0.5 kfI”

282.733 MHz t 0.5 kHz 285.813 MHz * 0.5 kHz

371.921 MHZ f 0.5 kH2 375.972 MHZ f 0.5 kH2

624.925 MHz f 0.5 kHz 631.730 MHz f 0.5 kEIz

743.841 MHZ f 0.5 kH2 751.944MHz*o.5 kH2

4.3.1.3.2. SARR, SARI’-3 and ADC!Z ReceiverChaueI  Guard Limits

-nIetPst anrPnnashallbetunedtothecentreofeachofthefourbandsbelaw.Printo~theactual

maximum1evdfcxcach~level.A

guideline for establishing the resolution bandwidth is 100 Hz for both the -150 aud -145 dBm levels, 1

kH2 for the -125 dBm levels and 3 kH2 for the -100 dBm levels. Ihz specified maximum radiation

limits for all discrete signals and noise powa  are listed below., -



. .

4

. .
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SPACE

4.3.1.3.3. METOP  Requirements

For  ins- char-on ody. METOP
requiremem

Theradiatedemissioasinthefrequencyrange14~to2GHzshallnot
4.3.1.3-1.

_

E-Field Limits TB+r ‘.
10 GHz

The requirements 461/462  REO2 ‘elltthIltkMETOPREbits

cfiqueqbadsaslistedinTable
4.3.1.3-2, measured in 1 m d&axe. besekctedinsuc.hawaytbatthe
ambient noise is below  the limit.

/

Table  4.3.1.3-2 : Radiated Emission Notches for AMSV-AI
/

i ‘.
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4.3.1.3.3. METOP Requirements

For instrument characterisation  only. METOP  assumes compatibility of the instrument with this

requirement.

The radiated emissions in the frequency range 14 kHz to 2 GHz shall not exceed the limit given in Table

. -
\

Frequency Range E-FkldLimits  . . Remade  ‘. :

(dBpV/m) TBC-

10 kHz . . . 2 GHz +50 Covered by Mil-Std 46 l/462  REO2 *.
2 GHz . . . 40 GHz + 70 I

* : The requirements of Mil-Std 4611462 REO2  are more stringent than the METOP  RE limits

Table 4.3.&3-l  : APE-E- Fiekd Limit

Radiated emissions in the METOP payload and system receiver channel guard bands shall not exceed
the Limits defined here below :

Frequency Range (MHz) Radiation Limit E-Field Level Relllark

I_

I:

1217 - 1257

1565 - 1614

205 1.9 - 2055.0

5’54.7 - 5255.3

400-500

5450  - 5825

(am) WW’W TBCM,W

N/A +21 GRAS

N/A + 23

N/A +9 SBS

N/A + 24 ASCAT

N/A + 20 Applies during

N/A + 61 launch only

Table 4.3.1.3-2 : Radiated Em&ion Notches for AMSU-Al
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43.1.4. Radiated Susceptibility

The instrument will experience a radiated electric field of 1 Vrms/m  for frequencies between 14 kHz and

1 GHz,  and 2 Vrms/m for frequency between 1 GHz and 18 GHz. The radiated E-Field shall be

amplitude modulated by a sine wave at 1 kHz with a modulation depth of 50 96.

The test method is defined in 9 4.3.3.

In addition the instrument will be exposed to the following levels :

Frequehcy Level TBCICrET

5.25 GHz 38 Vrms/m

Modulation

Pulse width = 8.22 ms, 4
chirp rate = -50 kHzlms.

PRF = 4.94

Source Unit

ASCAT

Pulse width = 10.32 ms.

7.8 GHz

1.7013 GHz

468 MHz

137.1 MHz

1.5335 GHz

2.230  GHz

8 Vrms/m

38 Vrms/m

12 Vrrns/m

37 Vrms/m

14 Vrms/m

10 Vrms/m

chirp rate = &24 Wms,
PRF = 4.94 Hz

Pulsed 35 MHz PRF,
duty cycle 50%

Pulsed  2.25 MHz PRF,
duty cycle 50%

Pulsed 1 kHz PRF.
duty cycle 50%

Pulsed 38.25 kHz PRF.
duty cycle 50%

FM, 400 kHz peak
deviation modulation index M= 1

Pulsed 4 kHz PRF,
duty cycle 50%

XBS

HRPT

A-DCS

LRPT

SARR

S-Bar&
Downlink



43.1.4. Radiated Susceptibility

Thehmlmentshalloperatewithoutdegraded~olmance while subjected to a radiated ehtfiC  field

oflVrms/mfor~equcacies~14ltHzandlGHz,and2Vrms/mforfir~~beZweeolGHz

and 18 GHz.  The  radiated E-Field shall be amplitude
modulation depth of 50 96.

The test method is defined in 0 4.3.3.

I.

hadditiont&hnumentwillbeexposedtothefollowinglevels: ./

Modula t ion  J
5.25 GHz 38 Vrmshn ASCAT

7.8 GHt 8Vrmsh.1 Pul
f

35MHzPRF.
ty cycle 50%

‘XBS

1.7013 GHz 38 lhmdm

468MHz 12vlmsh A-KS

LRFT137.1 MHZ Puked  38.25 kHz PRF,
duty cycle 50%

FM.4ookHzpeak
deviation modulation index M=l

Pulsed4kiizPRF.
duty cwle 50%

1.5445 GHz SARR

2.245 GHz S-Band
Downlink
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4.33. EMC Analysis

TheEMCoftheAMSU-Alshallbecharacterisedbytestand eswillbedescribedbythe

Instunent  Supplier. METOP will further assess the impacts

Magnetic Moments

I
?he ma&etic  moments shall be determined  by analysis : -

‘.

I 43.3. EMC Tests
4

I
The cmpatibility  of the AMSU-Al with the mentsshallbeveaifiedbytestfar:

- corlduuedemission

- conducted susceptibility

- radiatedemission

- radiated  susceptibility

EMCtestsshallbeperformedin with MIL-sTD462c.

I

compliance with METOP shaubedernonstratedonallmodels~veredto

METOP.

i The Radiated Emission tests cable on all models delivered  to METOP.
I

I

The c- Emission applkableonlymthefirstinstmmentmodeldeliveredtoMETOP.
i

1 [Am  14ddoc]
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4.3.2. EMC Analysis

The EMC of the AMSU-Al shall be character&d by test and test discrepancies will be described by the
. .

Instrument Supplier. METOP  will further assess the impacts on METOP performance.

Magnetic .Moments

The magnetic moments shall be determined by analysis or test. -.

4.3.3. EMC Tests 4

I
EMC tests shall be performed in accordance with MLSTD-462 k

b@J.
47 684 @# 5w +

-; q*PJ ‘1
&fflr

I Compliance with EMC requirements shall be demonstrated on all models delivered to METOP.

The Radiated Emission tests are applicable on’ all models delivered to METOP. Itb

The Conducted Emission tests are applicable only on the first instrument model delivered to METOP.
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4.4. ELECTRICAL FUNCTIONAL VERIFICATION

4.4.1. i3lectrical  IaterfaaiTesk  ,  =

In general,  thkghmt  the instrument  build-out, every  interface  is thoroughly  checked  to ensure  the

compatibiity,  the adequacy of the electrical interfaces, in propagation from &ensor  output ! input up

to the imtnm~~  electronics outputs to the spacecraft on-board equipment  fa the basic circuitry and

signals : power,  measurement data, housekee@ng data. commands, clocks, sampling signals...

From a system point of view, the essential &p is the measureanmt  of the spacec&  intkxface  signals

aodcharactaistics.TheoperationalmodeofthespaceaaftsystemshallbedmulatPdtOaSceRain
interfaceadequacy:specialaaentionistobepaidfathecommandandacquisitiontiniinP~circuit

loading should be representative of the on-board &mcteristics.

. .

4.4.2. Functional Test

It is the sole responsibility of the lnstrumeat suppliertodefineandvexifytbeproperfunctionsofthe
ins~priatodeliverytoMEToP.Thistypeoftestsaretailaedtothespecifucinstrument
function verification and they save as ins- health checks that are perfa7xxi  routinely throughout
the instrument  development pogramme.

AsubsetofthesetestswillconstitutelatertheccKeofthesystemtesting~theinstrumentis

integrated on-board the  PLM.

4.43. Performance Test

11 is also the sole responsibility

pcrfolmalUsoftheinstnlment

of the Instrument Supplier to define and verify the ultimate mission

prior to delivery  to METOP.  This type of tests are tailaed  to the

specific immrment  pufamances atd they are achieved ultimately with the instrument calibration which

reqwrts  a rathex  sophisticated and controlled test set-up,

A subsa of these tests may later constitute the system pezformance test with a reduced on-ground set-
up. A go I nr>-go  approach is preferred at system level (PLM  sod  Satellite), due to the complexity of the

test w-up and the AIT  schedule limitations.

Calibration

It is the sole responsibility of the Instrument Supplier to calibrate the instrument prior to delivery  to

METOP. Re-calibration, if deemed  necessary, will also be under the responsibility of the Instrument
Supplier. The calibration data shall be made available on-request for the preparation of the system
integrated instrument performance test.
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APPENDIX : INSTRUMENT ACHIEVED QUALIFICATION STATUS

Vibration Test : High  Level  Sine Sweep

‘Ihe  instrument has not been subject to a High Level Sine Sweep test.

Vibration,Test  : Sine Burst .
.’

The instrument  has been subject to the fbllowing  Sine Burst environment :

Q
U
A
L

A
C
C

Sine Burst Test Levels

AllthlWaXeS
Test level : 16.5 g

Fcequkncy  :30 /40 Hz
Duration : 0.5 second

Allthreeaxes

Test level : 13.2 g

Frequency: 30/4OHz
Duration : 0.5 second

. .
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Vibration Test : Random LeveIs

The instrument has been subject to the following random environment :

Random Vibration Test Levels

‘. - _
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5. INSTRUMENT GSE AND AIV INTERFACES
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5.1. INSTRUMENT GSE DESCRIPTION

Y 5.1.1. Bench Test Equipment

TheInsaumentSupplierwillprovidealltest~p~requiredfor~‘~oftheinstrumeat.This

equipment shall incll@e  : -. ,

STE (Special Test Equipment)
.’

.

l Powerconverter,~Euupeanmains  standard  _
273vwlrlS Zkyfwr&

_*

l Rintex,TerminalandKeyboard 4

l LN2 Buckexs (Containers and Millimetxe  Wave Absohxs)

One set of equipment will be delivered for operating both instruments AMSU-Al and AMSU-A2.
.

Figure  5.1.1-1 provides anove!rview  ofthe  SE.

I Sdf- Tat

---------

I Clocb
AlP~lY i n

Swirl Intrrtrco

Note:
Lt;,)

a time.Only one instrument can be operated at

4 I
Buckrt 1

I_--_

Figure 5.1.1-I : STE Overview

The STE is designed to perform all  monitor, calibration sod self-test functions hr AMSU-Al and

AMSU-A2. It consists of the STE Console interfacing with the two instrumetn  units, the Printer.

Taminal.  Keyboard and the Mains Power Converter. This equip- records, displays, monitors and
computes thermo4 ectric teqxrature  data. In addition, the SE provides all signals and data interfaces
required  by the instrument which are normally supplied by the spacecraft. Tkse  signals include power,
timing, command status, and both analog and digital sensor data. The STE software performs all the
monitor, calibration and self-test functions.

The  STE to instrument interface cables will be provided by the Instrument Supplier.
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The following pieces of standard equipment will be supplied by METOP useduringbenchtestsof _

the instrument :  TB&sr

5.13. GSE for Integration with PLM OCOE

lbe  hmunent  Supplier will provide for TV testing :

. three spacecraft  blackbody test targets  (two for Al, one )-See’ADlh&iADl2 .. - ‘.

l one &ad Out Console (AZONIX)

l data processing equipment (= STE TEK&I) 4

The  spacecraft blackbody test targets  are to be provide a well kxnvn  radionBric  refer- for

testing the functionality of the AMSU-A ins PLMa.ndhighe7level.TheyarenotintentWto

beusedforcalibrationoftkhsmimeIlt.  .

There  are hvo blat withadualRead

Out Console (AZONIX System 1000 co ation). Each target has embedded  PRTs (PWnum

Resistance Thermomehxs)  distributed baseplate of the load. Fcx Al-l and Al-i  tke are 7

PRTs each, while  for A2 the are 10. Tekctricaliwfacewillbef@gleads.TheInstrumeat

supplier will provide tlx? UxWctas ONIXsystem.Therekvantcablingintafaceshallbe

manufactured by METOP.  Details o AMSU-A targets can be found in AD13.

One console will be provided to thetargetsforA1  arxiA2simultaxously.Itshallbenate&hat

theAzoNlxsyste!mmustnm Hz ‘Ikrefore  the instrumem  (NASA) provided converter shall be

used.TheReadOut ht&acewlthtbePLMoCOEviathe~provideddata

processing equipment.
codesviaanRS232li processing equipment The  data acquisition software is provided in

a non-volatile memory  of ONIX controlk.  In case of data loss I software errors, the sofhvare _

may be refreshed b oading  from a standard PC via the RS232 interface. The lnstrmnent ’

Supplier will provide operation manual for this purpose.
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The following pieces of standard equipment will be supplied by METOP  for use during bench tests of

the instrument : TBl&~

5.1.2. GSE for Integration with PLM OCOE

The instrument Supplier will provide for TV testing :

l three spacecraft blackbody test targets (two for Al, one for A2) - See AD1 1 and ADl.2. ’ __

I
l one Temperature Read Out System

l data processing equipment (= STE TBCtisi) 4

The spacecraft blackbody test targets are to be used to provide a well known radiometric reference for

testing the functionality of the AMSU-A instruments at PLM and higher level. They are not intended to

be used for calibration of the instrument.

There are two blackbody test targets for AMSU-Al (one for AMSU-A2),  interfacing with a dual

I
Temperature Read .Out System Each target has embedded PRTs (Platinum Resistance Thermometers)

distributed about the baseplate of the load For Al-l and Al-2, there are 7 PRTs  each, while for A2

there are 10. The PRT electrical interface will be flying leads. The Instrument Supplier will provide the

I
connectors  to the Temperature Read-Out System The relevant cabling interface shah be manufactured

by METOP.  Details on the AMSU-A targets can be found in AD13.

One Temperature Read-Out System will be provided to operate the targets for‘ Al and. A2

simultaneously. It shall be noted that the Temperature Read-Out System must run at 60 Hz. Therefore

the mstrument (NASA) provided converter shall be used. The Temperature Read-Out System shall

interface with me PLM OCOE via the instrument provided data processing equipment. Commands to,

1
and data from the Temperature Read-Out System are accomplished by ASCII codes via an RS 232 link

to the data processing equipment. The data acquisition software is provided in a non-volatile memory of

I the Temperature Read-Out System controller. In case-of data loss / software errors, the software may be

refrcshcd by down-loading from  a standard PC via the RS232 interface. The Instrument Supplier will

provide  disk and operation manual for this purpose.
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5.1.3. Mechanical Ground Support Equipment

The Instrument Supplier shall provide fixtures which can be used for safely lifting and transporting the

instruments. The handling fixtures shall be used to lift the instruments from the shipping containers and

shall be capable of mounting the instruments when the spacecraft is either in vertical or horizontal

position. Provisions shall be made to lift with a crane.
_ - *.

The followi  g fixtures shall be provided :
c-pJL&% qf&J~T/ReJ$t4?+ ncscJ~yfl+~
l AMSU-41  .and AMSUA2  Handliing Fixture, part number 1333060-1  (part of shipping container),

drawing AD14.
*

‘0 AMSU-Al Spacecraft Integration Fixture ; part number 1333320-l ; drawing AD15

Need for drill template is TBbFT.
. .

Containers shall be supplied for shipping and storage at the METOP integration and test sites for each

deliverable instrument.

The instrument storage containers will be sealed and back-filled with dry N2 to one atmosphere

Protective covers shall be delivered with each instrument for each scan cavity (reflector cover) : two for
Al. one for A2.

5.1.4. Self-Contained Special Test Equipment

Three LN2 buckets shall be delivered to enable simultaneous operation of AMSU-Al and AMSU-A2

dunng functional testing. Approximate sizes are TB&n  (&awing TBD).



4
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5.13. Mechanical Ground Support Equipment

The Insmlment  Supplier shall provide f%llres  which can be usexl for safely lifting
instruments.Thehandlingfixtutesshallbeusedtolifttheiastrumentsfrom~
shall be capable of mount@  the inst~ments  when the spacecraft

position. Provisions shall be made to lift with a craae.

Ah$J-AI aqi AMSU-A2 Hand&g  Fixture.  part munber 133

drawing AD14.

AMSU-AI Spacemft Integration Fixture  ; part number

Drill  templates will not be supplied (TBC&.

Containers shall

deliverable instrument.

at the METOP integration and test sites  far each

Theinstruments

0-WN.V).

Protective covers

Al. one for A2.

ed and b&k-filled  with dry N2 to one atmosphefe

each scan cavity (reflectac cover) : two fcx

5.1.4. Self-contained al Test Equipment

Three  LN2 buckets be delivered  to &able simultaneous qeration  of AMSU-Al and AMSU-A2

during functional testing. Approximate sizes a~ TF5&= (drawing TBD).

1 fAmcl5ddocl
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5.2. INSTRUMENT GSE INTERFACES

53.1. Interfaces with PJ.M  OCOE

53.1.1.’ General

The configuiation of Ah4SWA instmm&  test equipment within &e’ti&all  check-ad equipment fai thz --

MET~PpayloadmoduleisshowninFigure5.21.1-1  fortixambienttestcbnf@ra~onandinFi~  -.

5.2.1.1-2 for,Tv testing. In all cases, the only ‘wxfac45  buweezl  tbexxz0E  and the inmmmlt  test

equipmentwillbeaLANcarmeaion~ibeNOM~DAPB(N-DAPB)andthe

instrumentdatapmcessingequipment_DetailscanbefoundinRDll.
*

1 IAm IScd.dcxl
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‘Fig. 5.2.1.1-! : Test Equipent Interjb&s  With PLLU  OCOE in Ambient Test Configumth
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Fig. 5.2.1.1-2 : Test Equipment Interjbces  With PLM OCOE in The& Vacuum ConjQumtion



52.1.2. Stimulus/Feedback  Equipment Interface

5.2.1.2.1. Physical /Electrical Interface
. .

Not applicable for AMSU-Al/2  : the stimulus data will be directly acquired by the insaument  provided

data processing equipment.
_

5.2.142. Protocol Interface . -.

Not applicable for AMSU-Al/2  : the &n&s data will be directly ac&ired  by the Wrum@  provided

data  procesing  equipment.
4

5.2.1.2.3. Stimulus /Feedback Data Handling Reqhements

Target  temperature data will be acquired and prgcessed  in the instrument  data processing equipment.

. The  data shall  be fcrmatwd  into standard CCSDS scnmx packets  and transfm to the N-DAPB for

archiving purpose. No further processing of the target temperatwe  data in the N-DAPB is required

52.13. Interface with Instrument-Rovlded  Data Prousing  Equipment

5.2.1.3.1. Physical / Electrical Interface

The AMSU-Al/2 rwasuremmt  data shall be made available to the hsnummt  data processing
equipment (= !?IE TBCAJI(S~)  via a loo/10  Base-T E&eanet  LAN interface.

5.2.1.3.2. Rotocol  Interface

The data  sent  to the instrument data processing equipment  is the complete source packet as generated by
the NIU.

For support of the measurement data processing; AMSU-Al/2  related housekeeping  data, like digital
“B” and analog data, as well  as a copy of instrument related mmmandssenttotheNIU,canbemack

available. For  akommunication  between the instrument data processing equipment and the h&TOP

povided  N-DAPB. standard CCSDS source packets shall be used as unique protocol data units.

I
Funher  details on the protocol are defined in AD10 and AD5.
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53.1.4. Measurement Data Evaluation

5.2.1.4.1. Instrument Measurement Data Format Definition

Thein-ummtmeasu.r~dataformatasdefinedill~3.3
source packet layout is defiued  in Figure 5 .2.1.4-  1 below.

PACKET PRIMARY HEADER

(6 Octets)

Packet Identification

version  ?Lpe

hmber lndic.

3 bits

-1
sec.

Header

Flag

1 bit

16 bits

APID

11 bits :

P&&t9
sequenu!
Control

(2 o&N

16llhs 16 bits

T

3-1 §econ-

!hurce  Data

User Data P a c k e t

(6 a)

E r r o r

Control

(2 -)

: AMSU-AI  Source Packet Luy-Out

‘rim- Header FWd

‘a&v Identijhtion

[he  Packet ID Field will follo

‘(Y  for absence

’ for px-esence of secon&uy

Application Pl-ocess Identiiier

%cker Sequence Control

C

/

The Packet Sequence Control Field will follow the following format :



AM.sU-Al-

5.2.1.4. Measurement Data Evaluation

5.2.1.4.1. Instrument Measurement Data Format Definition

The instqment  measurement data format as delined  in 5 3.3 presents the user data space. The overall

source packet layout is defined in Figure 5.2.1.4-l below.

PAC~TDATAFIELD 1‘I PACKETPRIMARYHEADER
(6Octets) '

Source  Data

Packet
Error
Control

(2 -ts)

User DataPacket Identification Packet Packet
1 Sequence 1 Length

Control Header

(6 act)(2 octets) (2 octets) (2080 act)

APID Seq. Packet

Flag seq.

count

11 bits 2 bits 14 bits

Time

Stamp

Version Type Sec.
Number lndic.  Header

nag

3 bits 1 bit 1 bit See Q 3.3.3.

I 16 bits I 16 bits 48 bits 16 bits

Figure 5.2.4.1-I : AMSU-AI Source Packet tay-Out

Primary Header Field

Packe t  Iden t i f i ca t ion

l%e Packet ID Field will follow the following format

Bit Position set to CodeSubfield Name

0..2 Version Number ‘Version 1’ ooo
0

‘0’ for absence

‘1’ for presence of Secondary
Header within the TM packet

* 39

Type Indicator ‘TM’3

4 Packet Secondary Header Flag

Application Process Identier

WPW

‘AMSU-AI’5..15

Packet Sequence Control

The Packet Sequence Control Field will follow the following format :
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533. Interfaces with the PLM On-Board Equipment

. . 533.1. Test Hamess  and C~nnestors

The AMSU-A instmment  is supplied with connector savers. . .

53.23. StimulKSource V/AmhqementRequirement

The  cxmfiguration  of the blackbody targe%s  fcx AMSU-Al is gi&n  in ttx Instrument Su@er dra*

I ADll.EachtargethastwofittiogsoathebackfortheconnectionofLN2lines.Thetargetsshallbe
placed within a disunce  of 3? mm f&m the AMSU-A hstnmu& using MErOP-provided  fixhIres

I VBJIh&.  The detailed arrangement of thehtehces toU~supportingscaffdd@sareTB~.

5.23. ioterfxes  With Other PLM GSE -.

1 Interface drawings to target scaffdding~  + TB&nm.



Bit Position Subfield name

O..l Sequence  Flag

2..15 Packet Sequence count

Setto

‘Unsegmented’

Inaemented  for

eachpacket

Code

11

Sequential binary
continuous count

,
Packet Sequence Count is a method of count.@ the number of packets ,generated  by the application. _

Thissignificantparametaisasequential~ofthePacketSequenceControl~~~..‘Ihisfi~durill  ’

start with a value of zero  and imement  to 3FFF  ‘&E?f,’  or 16384):  At this point it will rokxr and

continue again from iero. The count will  re-start f&m zero  after power-on, No reset of the count is

aliowed  before reach@ 16383. 4

P a c k e t  L e n g t h

Thisfieldcontainsabinarynumber~ChpermitstoidentifytheleagthoftheUserDataandPacka

Error Control fields. Its value is defined as fohows  : number of octets of the Packet Dutuficld - 1.

Packet Data Field

The  third part is the Packet Error Control (PEC) field that consists of a Cyclic Redundancy  Checksum

(CRC). computed over all the octets composing the packets, except the PEC. The generator of the
polynomial is : G(x) = xl6 + xl2 + xs + 1.

5.2.1.4.2. Reference  Data Presentation

Na applicable for AMSU-A

5.2.1.4.3. Data Comparison Requirements

Na apphcable for AMSU-A

5.2.1.4.4. Data Processing Algorithms

N/A to AMSU-A : all  data processing  for AMSU-Al and 2 will be done by the instrument delivered

data processing equipment.
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5.2.4. Interfaces with AIT and Launch Site Facilities

5.2.4.1. Mains Power

The instrument test equipment shall be powered during all

mains frequency / voltage converter to be provided together

phase of integration and testing through a

with the instrument. This converter will be

supplied from mains power via a METOP  provided isolation_ transformer .tith following output

characteristics :
A::

- Voltage : ’ ’ 2>0  V AC (2 10%). b max., single phase

- Frequency : 50Hzf 1 Hz 4

- Power plug standards used within the METOP project for 230 V is DIN 49441XEE7. power sockets

DIN 49944O/CEE7

The actual estimated steady state power consumption of the instrument is as follows :

-s-I-E: ~hsr VA

- Temperature Read-Out System : TBDeqsr VA

5.2.4.2. Cooling / Thermal Dissipation Requirements

Instrument cooling during bench tests is not required.

5.2.4.3. Purging Gas Requirements

See 5 6.1.4.

5.2.4.4. CNz / LN2  Supply

For back-fillmg of transport and storage~containers,  GNr per Fed. Spec.  BB-N-44lb  Type 1. Class 1,

Grade A or equivalent shall be used.

Tbc LX: (80 K) consumption will be 9 kg / hour for each target, valid for a pressure of 5 PSI at the

tarjj?CL

52.45. Test Chamber Wall Feed-through Panels

Ftr T1’  tests. each of tbc three blackbody targets shall be supplied via 2 LNr tubes. For the two AMSU-

Al targas.  a serves  connection could be acceptable, if the thermal analysis demonstrates that

sufficiently  low temperatures can be reached. In this case 4 pipes in total would be needed only.

The  tubing  shall bc insul

LX: tubes  should be%
e

ed outside the thermal vacuum chamber. The pressure on the inlet side of the

PSI. The input nitrogen should contain no bubble (no bi-phase state). The

maintenance of the recommended input pressure near 4 PSI would help to attain this goal. On the outlet

s~dc. the prcssurc should be as low as possible, ‘preferable below 1 .O PSI, to minimize back pressure.

Tbc tube diameter should be larger than 25 mm and its length less than 12.2 m. Lines should constantly



4
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52.4. Interfaces with AIT and Launch Site Facilities

53.4.1. Mains Power
.

The  instrument test equipment shall be powered during all phase of integration
mains f&quency  / voltage converter to be provided tog* with the instru

supplied from mains power via a METOP provided isolation whhfollowing  o u t p u t  .-

characteristics  :

I
- V o l t a g e  : 230 V AC (& 10%). 10

- Frequency : 50H2!flHZ

- Power plug standards used within the METOP  project for 0 V is DIN 49441KEE7.  poti sockets

DIN 49944OKEE7

..: J
lhe actual estimated steady state power consumption 0 :

-SE: TWNS~VA /
- AZONIXsystem: TB&sr  VA

/
52.42. Coding / ‘Ihermal Dissipation  $quirernents

Instrument cooling during bench tests is rquired

5 2 . 4 3 .  Purging  GasRequkm

Fa back-filling of tr and stcxage  conta+rs. GNr per Fed. Spec. BB-N44lb  Type 1, Class 1,

Tlx  LN! (80 K) consumption will be 9 kg / hour for each target, valid for a pressure of 5 PSI at the ’

target. ,’

5.2.4.5. Test Chamber Wail Feed-through Panels

I Fur TV tests, each of the three blackbody targets shall be supplied via 2 LNr tubes. For the two AMSU-

Al targets. a series connection  could be acceptable, if the thermal analysis demonstrates that

sufficiently low temperatures can be reached In this case 4 pipes in total would be needed only.

The tubing shall be insulated outside the tlxrmal vacuum chamber. The pressure on the inlet side of the

LN? tubes should be 4 PSI. The input nitrogen should contain no bubble (no bi-phase state). The

maintenance of the recommended input pressure near 4 PSI would help to attain this goal. On the outlet

side, the pressure should be as low as possible, preferable below 1.0 PSI, to minimize back pressure.
The tube diameter should be larger than 25 mm and its length less than 12.2 m Lines should constantly
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downhill. PSI gauges ad valves on the input ami output lilxx  shall be install aidinthecuntrolof

the nitrogen  flow.

Electrical feed-throughs  shall be provided far the 24 PRT chanwls.  For channel,4linesshallbe _ .

pvided+

5.2.4.6. Public  D&a Net Communiuition

The METOP AIT and launch site facilities will provided access publi&&etworkin&erto  :‘-

enabledataexhangewiththehtnuxut data’&uationatthelnstrument

supplier premises.

As a baseline the file  transfer procedures  (FI’P)  via

application layers via IN-IERNET  and / cx

s tandardandnot  fullysuppatedinEurope.  .

willbewxx&howewathcrTCP/IP

Note : PSCN(I)  is a NASA

5.2.4.7. Physical IIltelf~

For set-up of the instrumeat  test equipment, an area

temperature and humidity contx0lled  class 100,

Thed&iiledphysiCaldata~prtsentedin

minimumshallbep&videdina

Target Al-l 0 0.21 x 0.26 16.43

Targa A l-2 0 0.21 x 0.26 16.43

Target A2
/ I 0 0.35 x 0.40 I 52.56 I

II
I

Voltage Conv 1 0.9 x 0.9 x 0.9 I 45.00 I I, I 4

T&h 5.2.4.7-i : Physical Data
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downhill. PSI gauges and valves on the input and output lines shall be installed to aid in the control of

the nitrogen flow.
‘IY

Electrical feed&roughs shall be provided for the PRT channels. For each channel, 4 lines shall be

provided.

5.2.4.6. Public Da& Net Communication Requirements -

The METOP AIT and launch site facilities will provided access to a public data network in order to .. -:

enable data exchange with the Instrument Suppliers for off-line data evaluation at the Instrument

Supplier premises.
q&W+

4

As a baseline the file transfer p*res (FIP)  via INTERNET will be used, however other TCP / IP

application layers via INTERNET and / or modem can be discussed.
t.

5.2.4.7. Physical Interfaces 0

For set-up of the instrument test equipment, an area of&fl m2 as a minimum shall be provided in a

temperature and humidity controlled class 100,000 clean area.

‘Ihe detailed physical data are presented in Table 5.2.4.7-l.

U n i t D i m e n s i o n  [ml Mass I&l Remarks

LxWxH

I Container A 1 I 1.4 x 1.4 x 1.4 I 370.00 I

I Contatner  A2 I 1.4 x 1.4 x 1.4 I 370.00 I

I STE Console I 0.9 x 1.2 x 1.5 I 250.00 I

I LN:  bucket A 111 I 0.4 x 0.4 x 0.4 I 5.00 I lncl. LN:

I LN: bucket A 1-2 I 0.4 x 0.4 x 0.4 I .’ 5 . 0 0 I Incl. LNI

LN: bucket  A2 0.4 x 0.4 x 0.4 5.00 Incl. LN2

Temperature Read Out 0.9 x 0.9 x 0.9 25.00

System

Target  Al-l

Tarpct  Al-2

Target A2

Voltage  Converter

0 0.21 x 0.26 16.43

0 0.21 x 0.26 16.43

0 0.35 x 0.40 52.56

0.9 x 0.9 x 0.9 45.00

Table 5.2.4.7-I : Physical Data
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5.3. INSTRUMENT GROUND OPEkiTION REQUIREMENTS

53.1. General

Instrument operational constraints are presented in 5 1.4.1. Test

Instrument modes and in orbit operations are described  in 5 1.4

Instrument  telecommands are described in 8 3.2.2.

For the groind  operations, the acknowledgement of
Analog Housekeeping and Digital B data from the i

Conditions for testing

ment, as described in§ 3.2.3..

Incoming
Inspection

Pre-
Integration

PLM
Electrical

Test

PLM TV
Test

1 I processing
euuiDment

Cooling

Conditions

LN2 for
blackbody
test targets

Table 5.3.1-1 : USC if GSE and !9imuli for AMSV-Al Testing
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533. Command and Control Sequencg

533.1. Ambient Condtions

~&ST

53.22. Thermal vmum conditions .. . . .-

TmNsT
,’

~

533. Hazards / Precautions 4

I Persons  handling the  instrument should wear gloves at all times.

-
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5.3. INSTRUMENT GROUND OPERATION REQUIREMENTS

53.1. General

Instrument operational constraints are presented in 5 1.4.1. Test procedures  may deviate from these.

hstrument  modes and in orbit operations are described in # 1.4 and 0 1.5. : -

Instrument telecommands are described in 8 3.2.2. . .

For the gmind  operations, the acknowledge of the commands  by instrument is done using

Analog Housekeeping and Digital B data from the instnunent. as

Conditions  for testing

Test Level A m b i e n t  C o n d i t i o n TV Condition

AMSU-Al StiUlUli GSE T&ted GSE Tested
chanmls channeh

Incoming LN2 STE .All
Inspection bUCk&S

LN2
Integration buckets processing

ewm=m
PLM LN2 Data

Electricpl tnlckfzts  plmmsbg
Test equipment/I a

All

Cooling

CoDditiOIbS

LN2 for
Ma&body
test targets

: Use if GSE and Stimuii for AUSU-AI  Tesiing

/
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5.3. INSTRUMENT GROUND OPER/iTION REQUIREMENTS

. 5.3.1. General

Instrument operational constraints are presented in 8 1.4.1. Test procedures may devidom these.

. .
Instrument modes and in orbit operations are described in !j 1.4 and 4 1.5.

Instrument hxommands  are described ip 0 3.2.2.

.-
. .

For the ground operations, the acknowledgement of the commands by hk? instrument is done using

Analog Housekeeping and Digital B data from the instrument, as de.&bed  in 8 3.2.3..

Conditions for testing
,

Test Level Ambient Condition TV Condition Cooling

AMSU-Al Stimuli GSE T e s t e d  $tImuli GSE Tested Conditions
Channels c h a n n e l s

Incoming LN2’ STE All.  ,
Inspection buckets

Pre- LN2 Data 9H
Inte@ation bucets processing

equipment

PLM LN2 Data ’ All
Electrical buckets process@

Test equipment
S/L Test

PLM TV
Test

/
Blackbody Temp.
test targets Read-Out

System
Data

processing
equipment

All LNz for
blackbody
test targets





WUIIuARcQnlswE AMSU-Al

5.4. INSTRUMENT ACCEPTANCE AT AIT SITE

54.1. unpacking /Packing  and Handling Requirements

Ref. : MO-IC-MINT-Al-0001
I!$sue :2 i&v.:  0

5.4.2. Incoming IllspdioLl
l

Theincominginspectionstartsassoonas~~p~arrivesattheiategrationsite.After
unpacking under cleanroom  conditions,  thkfollowing  will be carried out :

l Visual hspection  of Instrument aud GSE

l Dimensionalhlatue!ss  chezk

l Units Weighing

Bench Level Tests

Prior to installation and to the PLM ad electrical iqegration  with PLM avionics, the instruments shall
undergo a bench levd  check-out to demonstrate  aliveaess  and instrummt  readiness for the subsequent
system level AIT  activities.

The  instrument, rnwnted  on the handlhg  plate (AD14). will be set up on a test bench (e.g. a t&e with

conductive surface) and shall be amneued  to the Mrumtmt  test equipment. Then  a series  of check-out
activities  shall  be carried out as tequited  to validate the iIlmmleIlt  readiness.

The test equipment (e.g. a portable bench test equipment) shall be provided by the Instrument Supplia

and shall reside at the PLM and satellite AIV sites to support  instrument troubleshooting if necessary.

Operation of the ins- ad its bench test equipment is done  by the instrument  Supplier team in

accordance  IO the fohwing  dtrumem  provided procedures and manuals (AD16). ‘Ihe use of stimuli

and EGSE IS as per Table 5.3.1-1.

5.43. lnstnunent  self-CompatibMy  Test

N/A
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5.5. INTEGRATION ON METOP

5.5.1. Pre-Intl?gration

5.16

priaatotheinstallationinthePLM,theinstrumentwillbepre-iategratedwiththeNIuaadpaitsofthe

NIUtestequipmentaswellasthepowerconditioningunit.The~~set-upofon-boardunits_  _

and ground support equipment is shown in Figure 55.1-l.
.

The  purposes of the pre-integration activities isto verify elecuical  interfm between  instrumems  and

~andPCU,todeGelopinstnunentspecifictestsequences,andtorefiaeandvalidatetheDAPB

operation separately from the PLM level AlT in ordex  to reduce the overall W&ration  time.

The  physical mangemmt  of the irrsaurnents  during pre-integration will be on desks w$h cooductive

surface. The interconnection to the NlU and PCU is accomplished with a METOP-provided  test cable
hamess. Fre-integratkn  activities are done in a clean room environment as requi&. .

Afm  c4xnpletion  of tk pre-integration activities the insuuuu  together  with the NIU gnd the pcu

will be installed  in t.k payload nxxiule  An abbreviated electrical  Megration  and part of the ISTS are
thenrepeated

‘he use of stimuli and EGSE is as per Table 5.3.1-l.
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Figure 5.5.1-I : Set-Up for Inslrumcnt  Pm-Integration
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55.2. Mechanical /Thermal Integration

J
The insuument mechanical I thermaI  integration includes the following activi es :

MO-IC-~-Al-o001
2 * 0
ApdIE!i3
5.18

0 Physical installation to associated PLM pan&  according to including~  -

insulation / filling alxl other

0 MechaiiicaI  adjustment as nquired

0 Installation of thermal fillers / insulators as required

l Mounting of thermaI blankets

. Bonding measumm ent between equipment case and e

0 Mechanical integration of pm-integrated instrum to the payload carrier struc&e

55.3. ElectricaI Integration and ISTS

The eJkctrical  integrationof their&~  is the integration of its GSE. The purpose of the

electrical integration of the instrument on-boar ment  is twofold : to verify  that the intefa

between  the insmmea  and the PLM avionics speciEedandtoaccomplishWnimentoperation

commissioning within the PLM  environment

The following activities are cat&d  out for el cal interface verification :

Insmment  Growding/lsolation  Check : matinganycontKctorwiththesyste!rnharnessitis

verified thatdesignatedgroundingpins properlyterminatedtochassis,andotheramnecttxpinsare

isolated .

54ery Check : it is verified before the systan harness, that there is no unexpected dangerous

voltage. nor a short to chassis

T-Junction Tests : instrumenf ors are mated with the PLM hamess  one  by ooe via T-junctions,

which allow measuring signal acteristics.  Power connectors are mated first, followed by commarxj  .

mtaface  connectors and teI interface connectus.  The instrument is operated from the PLM ._*

masta test processor by commands manually. Essential signal paramezers  such as rise/fall

uma. signal  kvcls. si inrush currents and power consumption are reuxded  and compared

The INUUmCl’U d integration procedures will be prepared by the PLM AIT team and reviewed

and supporud  by Instrument supplier.

Verification  of

/

insuument  intczfaces will be followed by an instrunxmt IST. The purpose of this test
is to perform a ference  instrument checkout in the overah  system environment.

The iNmJ t will  operated in  relevant modes including degraded modes and r&mdancy

activatio Full iNtrurxnt  operability validation is achieved in the IST. This comprises both the on-

board equipment and the ground support equipment and checkout software. It is to be noted that the

checkout software, at least the AlT data base with the WC parameter definitions  will be re-used
during mission operation. Instrument specific control files will be refined and validated in the IST.

~.,mrr~,-,!,,’
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5.52 Mechanical /Thermal Integration

The instrument mechanical / thermal integration includes the following activities :

b Physical installation to associated PLM panels according to agreed procedures including thermal

insulation / filling  and other

l Mechanical adjustment as required ‘_-

a Installation of thermal fillers / insulators as~requited

0 Mounting of thermal blankets

. Bonding measurement between equipment case and PLM structure

. Mechanical integration of pre-integrated instrument panels to the payload carrier structure

5.53. Electrical Integration and IST’s

The dectrical integration of the instrument is done after the integration of its GSE. The purpose of the
electrical integration of the instrument on-board equipment is twofold : to verify that the interfaces

between the instrument and the PLM avionics are as specified,  and to accomplish instrument operation

commissioning within the PLM environment

Tbe  following activities are carried out for electrical interface verification :

Insrnunenr  GroundingAsolation  Check : before mating any connector with the system harness it is
verified. that designated grounding pins are properly terminated to chassis, and other connector pins are
isolated

Sufefy Check : it is verified before connecting the system harness, that there is no unexpected dangerous

voltage. nor a short to chassis ground

T-Junction Teas : instrument comtectors  are mated with  the PLM harness one by one via T-junctions,

which  allow measuring signal characteristics. Power connectors are mated first. followed by command

interface co~ect~rs  and telemeny  interface connectors. The instrument is operated from the PLM

Command Br Control Block (CCB) by sending commands manually. Essential signal parameters such as

nsdfall  umes, signal levels, signal timing, inrush currents and power consumption are recorded and

compucd  against expected (specification) values.

The  instrument electrical integration procedures will be prepared by the PLM AIT team and reviewed

and supported by the Instrument Supplier.

Verification of the instrument’ interfaces will be followed by an instrument IST. The purpose of this test

is to perform a reference instrument checkout in the overall system environment.

The instrument will be operated in all relevant modes including degraded modes and redundancy
activation. Full instrument operability validation is achieved in the IST. This comprises both the on-

board equipment and the ground support equipment and check-out software. It is to be noted that the
check-out software, at least the AIT data base with the TM/TC  parameter definitions will be re-used
during mission operation. Instrument specific control files will be refined and validated in the  IST.
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In addition to the above objectives, the IST serves to produce reference  data

environmental and system function test pqrams.

The use of stimuli and EGSE is as per Table 5.3.1-1.

55.4. Integration of GSE ’ a

5.5.4.1. Integration of GSE with the flight Equipment

N/A to AM&J-A

MO-IC-MMT-AlMXII
2 * 0
April 7%&
5.19

sets for the subsequent

5.5.4.2. GSE Integration with PLM OCQE

The EGSE integration is done pria to the integration of the on-board equipment- During this activity,

the instrument-provided test equip- shall be wmwcted  with the h4ETOP  provided PLM EGSE.

Generally, EGSE integration basically c&&s of an ead_tcKnd communication check to demonsrate

full operability under control of the Command aad Control Block (CCB).

TheinstnrmentGSEintegtationprocedureswillbepreparedbythePLMAITteamandreviewedand

supported by the Insmunent  Supplier.
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5.6. INSTRUMENT OPERATION CONSTRAINTS DURING PLM AND

SATELLITE SYSTEM TESTS

5.6.1. System Environmental Test Levels

5.6.1.1. Stmc~T~ . -

Iheinsaumentshallnotundergovibrationtestswiehrefledorcoverson. - * .-.

5.6.1.2. Thermal Tests
4

The instrument  shall nat undergo thermal tests with reflector covers on.

5.6.1.3. EMCIRFC Tests

During insaument,  PLM axxi  satellite level t&sting,  the EMC / RFC levels as listed in 0 3.8.. 3.9 and

4.3. shall not be exceeded

‘Ihe instrument shall not be ckmagdzed.

5.6.2. Fbnction-and  PedormaoceTeds ’

The use of stimuli and EGSE is as per Table 5.3.1-1.

5.6.2.1. System Fuacthal  Tesk(SFl’)

The system functional  test will verify the overall system  llerfomlancc adoperabilityinaserie5of

mission relevant w. Back up modes, degraded ekes and  mode transitions will be included. The

SFT   will be composed of control  which have been validated  

5.633. Spebl Test (SPT)

SFT’S sa-ve  to execute  ispedlic performance veri&xtions in the overall  system configuration far all

fhase parameters which have contributions  from mare than one subsystem or for test cases which

require a special set-up and operation condition. A typical example is a bit am perforkance test which

involves elements of data acquisition, farmatting and W&mission.

Fortheinstrument_itisassumedthatfullperformawe hasbeellcIkmonstratedaspartoftheinstrument

acceptance test program. and therefore no instrument specific performance testing is required on system
level.
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5.7. INSTRUMENT CONSTRAINTS ON GROUND ENVIRONMENTAL

CONDITIONS

5.7.1. AIT Site

AMSU-Al, *en he!d  by handling fixture, may be positioned in qy qrientation.

No calibration or re-calibration of the instrument is foreseen in the system AIVpopbne.

The test conmxtor  cqver  on J7 is cor&ered  as flight hardware and shall ietiain  installed at all times.

Thereflectcxcoversandtbe~~dustcaps(JlthroughJ6)shallbeiastaYedatalltimes~the
instrument is not in use.

5.73. Launch Site

I N/A.

5.73. Traasportation

Toavoiddamagetothe~itshallbeUansportedinasegledcontainer,pressurizedwithdry

N~,whennotyetintegratedtothespaceuaftTBC -. Far transpat monitoring shock recorders  shall  be

usedTB&Sr.

5.7.4. Storage

For instrument  storage the se&d  wntabes  shall be back4lled  with dry NZ to one aanoqhxe.  Purging

is not required.

The storage temperature extremes shall be as per 9 2.3.2.1.

Thehumiditylimitsshallnotexceed9O%wheutheinstrument Is in the shipping container and sealed.

When the shipping container is open. the humidity limit is less than 55 46.

Other  mamtenance.  as for example re-calibration. is not planned during storage.
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5.8. LAUNCH CAMPAIGN

5.8.1. Launch Preparation

Check-Out on the Launch Range

Instrument’ launch operations  before ‘encapsulation of the sateMe into the launcher fair@ e .be  a -

saiesoffuIcctionaltestsasalreadydoneduringtkeAITphase.After~.~ofthesatellite.there
will be only limited commaM  and control a&ss via umbilical to the sevice  module and the payload

module avionics. Therefore, instruments  will generally not be opera&d  after spacxraft  encapsulation.
4

During launch preparation the alignment  cube surfaces have to be taped with a low reflectivity tape for

stray light suppression reasons.

I Furthermore it has to be assured that the test.conne&r  cover (J7)  is installed.

5.8.2. Red Tagged Items

l Reflector covers

. Connector savers (;l through J6)
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Compliance of the AMSU-Al with the following PA requirements is NASA’s responsibility.

The PA approach for the AMSU-Al is dealt  within ADl. Specific PA constraints / rules are dealt

within the following sections.

6.1. CLMNLINE!B  / CONTAhiINATION .

6 .1 .1 . Deposited  Contamination Level

At the instrument delivery to METOP,  the deposited contamination levels shaH be less than :

- External surfaces :

Molecular contamination : I 2.1Cr’  g/cm2  .

Particulate contamination : level 500. as per MIL-STD-1246B

- Internal surfaces : levels compatible with the instrument performances.

These contamination levels shah be certified at delivery, and verification performed after packing /

transportation and arrival to the METOP  integration site.

Bearing lubricant (Apiezon C with PbNp additive) contamination : TElDh(m.

6.1.2. Integration Facilities

The instrument, afta delivery, will be integrated in a class 100 000 clean room as per FED-STD-

2O9D,  or better.

6.13. Instrument Aperture Protection

The AMSU-A 1 is delivered with one antenna cover for each of the two reflectors.

All tmtrument functions can he checked with the protective covers installed.

As a gcncral rule. all covas can only be removed in a class 100 000 clean or

w~clhtc system tests. deviations from this rule are accepted, as dealt within 8 5.6.

better. For PLM and

6.1.4. P u r g i n g

h’tj purpng r e q u i r e d  f o r  t h e  A M S U - A l  d u r i n g  METOP AIT a c t i v i t i e s  ( a s  l o n g

as the instrument is in a class 100 000 clean or better environment).

6.1.5.

Bake-out of instrument harness and MLIs
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Thelasthotcycleofthethennalvacuumtestperformedatinstrumentlevelshallbemaintainedtillthe  ,

outgassing flux is less than 1. lo-’ g/cmt.br  for a duration of five successive hours.  This shall be

permanently monitored during tbe test by TQCMs  facing tbe specimen. The. temperature of this last

level shall be 60 deg. C (instrument unpowered), provided  this  does not barm any eleme!nt  of the l

instrument.
_ - . * .

6.1.6. ContaminationWitnessPla@  _ ” :.

The AM&G  is delivered with a pe%mamWy  installed witness plate (mirr@  on the instrument. ‘Ihis
is used  for further control by tbe instrument Supplier of the ContaminatioIl  after delivery fa integration
to the METOP spacecraft. The  position of this  mirror is illustrated in the Mechanical  Interface Drawing

(TBDAMsI). . .

At appropriate times, tbe witness plate will be removed and examined by the Instrument Supplier for

contaminants...during~chtimeanalternatewitnessmimxwillbemountedanthe~Asa

minimum.suchcontrolsshallbeperformedatdeliveryoftbePLM,with~instrumentsintegratedto

the Satellite Contractor, before and after TB / TV tests, and before launch

.

6.1.7. Decontamination Features I Heaters

N/A to AMSU-Al.

6.1.8. Instnnnent  Bagging

The AMSU-Al shall be bagged with a TBDmI  protective film following TBDAklsl  instructions for

systems  acmstic  test, system pyro chock  test, tixmal vacuum test preparation axi during

I
tranqorcation.
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The PA approach for the AMSU-Al is dealt within ADl. Specific

within tfx! following sections.

aints/rulesaredealt
I

6.1. CLEANLINESS

6.1.1. D e p o s i t e d  ContaminationLevel

At the instrument delivery to MEfOP,  the deposited on levels shall be less than :

,- External  sulfates  :
4

Molecular contamirwion  : S 2.10-’

Particulate comamination  : level 500 MIL-STD1246B

- Internal  surfaces : levels compatible with instnunentperforman4x

These contamination levels shall be ed at delivery. and verification performed after packing /

trarqormdon  and arrival to the

Bearing lubricant (Apiezon  C with additive) contammation  : TBb.

6.13. Integration Fadlibies

The insuumen&  after delivery, be integrated in a class 100 000 clean room. as per FED-STD-
209D.  or better.

. .

The AMSU-Al is deliv

All instrument functio

As a genaal  rule,

satelbte  system tes

with one antenna cover for each of the two reflectors.

be checked with the protective  covers installed.

can only be removed in a class 100 000 clean or better. For PLM and

from this rule are accepted, as dealt within 0 5.6.

6 .1 .4 .  Purgi

No purgmg ts
t
;

ed for the AMSU-Al during METOP satellite or PLM level AIT activities (as long
astheinstru

Je

nt is in a class 100 000 clean or better environment).

During tr it and during storage, the unit should be stored in its shipping container, that has been

purged and back-filled with dry nitrogen.

61.5. Space Conditioning

Bake-out of instrument harness and MLIs at 60 deg. C : Yes



6.3. SAFETY REGULATIONS 1

. The AMSU-Al shall be axnpliant with the’safety requkemm  6rom  ADl. c

Thefollowingisalistofhazardscontainedwitfiintheinstnrmemt,itsassodatedGroundSupport  ’

Equipment,  and any otkr special equiplxHlt IEexkd far traqxxwon)  llandbg,  assembly, integration ’

andtest
. . , -.

. I

I tem

RadioactivesourCe None  .
q

Toxic Sources NoOe

Corrosive Matexials None

~Systems NOne

Ignltian !.bunxs NOOC

Pyrowhics/ordonance NolE

Cryogenics /Cooling Fluid NaOe

TrrblcdI/I:EraardLid

Thefollowingisalistof~ offall~0ftkinst ~u,itsassociatedGSEandanyotk  ’

special  equipment rbxded for hiqxrwion,  !undling, assembly, integration and test.

CQ=w== Merena to !Wety File

Violation of mechanical requkments  i N o n e

kiolation  of dectrical  requireme& NOne

unintentional pyre !iring None

Violation of radiation requirements NoXE

Unintentional ignition None

Release of debris None

Leakage / rupture NOne

uninteutional  deployment NoOe

Table 4lR : Consequence of Failures
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6.2. FAILURE PROPAGATION THROUGH THE INTERFACES

,.
The failure propagation through the interfaces from  the AMSU-Al to h4ETOP  is analyzed within

~~M.sI.

The failure propagation through the interfaces from  the METOP to AMSU-Al is analysed within

m&ET.
_ -

- .


